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“ERRATA 


In the writer’s recent paper on marine gravels from Urk (Nether- 
lands) (this Journal, vol. 24, pp. 100-116, 1954) the following error 
appeared on page 108, col. 2, line 17: the formula ‘“Re=2r/a=b?/a” 
should read ‘‘Rc =2r/a=b?/a?. Accordingly the fragment (col. 2, line 
19) ‘'2r/a =(2r?/b)”’ should read ‘‘2r/a=(2r/b)?.” 
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NOMENCLATURE BASED ON SAND-SILT-CLAY RATIOS! 


FRANCIS P. SHEPARD 


Scripps Institution of Oceanography 


University of California, La Jolla, California 


ABSTRACT 


Following a canvassing of sedimentationists an attempt is made to standardize nomencla- 
ture of sediment types relative to sand, silt, and clay content. A triangle diagram with boundar- 
ies between types, which met with general approval, is submitted and compared with other sys- 
tems which have been used for the purpose. The new system uses old well established names and 
has a simplicity and symmetry which make it easily remembered. The boundaries appear to be 
well located for description of sediments such as those that have been analyzed in large volume 
from the investigations of the northern Gulf of Mexico (API Project 51), but it is inadequate 
in describing well sorted sediments with median diameters near the boundaries of sand and silt 
or silt and clay. The nomenclature suggested applies only to sediment grade sizes so that other 
names should be used depending on other characteristics of the sediments. Furthermore, the 


nomenclature should not be applied to sediments containing large percentages of gravel. 


INTRODUCTION 


The adequate description of sediments 
should be based on many characteristics 
of which the sand-silt-clay ratios are only 
one. It is important, however, to develop 
an adequate nomenclature relative to 
these sediment constituents. Among 
American geologists definitions of sand, 
silt, and clay have become essentially 
standardized with an arbitrary demarca- 
tion line based on median diameter at 
1/256 mm. (3.9 microns) between clay 
and silt,? and at 1/16 mm. (62.5 microns) 
between silt and sand. Most typical 
clastic sediments, however, are a mixture 
of sand, silt, and clay in varying propor- 
tions. Therefore, in describing any par- 
ticular sediment sample or any particular 


formation, it is necessary to have names ° 


which show the approximate relationship 
between the three size groups. Unfor- 
tunately, no nomenclature of this type 
has had any general acceptance in the 


! Contribution from the Scripps Institution 
of Oceanography, New Series No. 725. This 
investigation was supported by a grant from 
the American Petroleum Institute, Project 51. 

2 If it were not so difficult to extend analy- 
ses to the smaller grades, two microns would 
be a better dividing line between clay and silt 
since most clay minerals are believed to have 
diameters of less than two microns. 


past. On the other hand, it has been quite 
generally agreed that the triangle dia- 
gram with sand, silt, and clay in each 
corner presents the most graphic method 
of showing the relationships between the 
three grades. Accordingly, the attempt of 
the present paper will be to consider the 
various systems of subdividing the tri- 
angle that have been suggested in the 
past and to offer further suggestions with 
a hope of producing a standardization. 
That this hope may not be unjustified is 
indicated as a result of a questionnaire 
which was sent to a considerable number 
of sedimentationists. Good basic agree- 
ment was found among these scientists 
which gave hope that definitions could be 
made which would be widely used. 


PREVIOUSLY SUGGESTED SYSTEMS 


A considerable number of systems has 
been suggested for subdividing the sand- 
silt-clay triangle. Some of these systems 
are now used by engineers and soil scien- 
tists. Geologists have suggested other 
schemes but no wide use of them has been 
made so far as is known. Most of the 
systems are illustrated in figures 1 to 6. 

The pattern illustrated in figure 1 was 
developed by the U. S. Army Engineers 
as a result of their extensive exploratory 
drilling program in unconsolidated sedi- - 
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ments. It uses a simple nomenclature and 
boundaries which are parallel to one of 
the three sides of the triangle. It is based 
however, on laboratory tests of sediment 
samples which are not very significant to 
most geologists. The irregular sizes of the 
different subdivisions constitute a serious 
difficulty with using this system for 
marine sediment studies. Furthermore 
the boundaries are difficult to remember 
and there is no good central zone where 
the three sediment types are combined. 

Figure 2 is a system used by soil scien- 
tists. It is simple and easily applied and 
might be quite useful to geologists for 
some purposes, particularly if ‘‘sand-silt- 
clay’’ was substituted for ‘“‘loam’’ as in- 
dicated in the parentheses. The disad- 
vantages of this system are (1) that it has 
too few groups to supply adequate no- 
menclature for sediment classification, 
and (2) that types near any of the three 
corners of the central triangle are poorly 
described by the names used. For exam- 
ple, it would be most unfortunate to call 


Fic. 1.—System used by U.S. Army Engineers. Per cent is indicated by the numbers 
which are written normal to each axis. 


a sediment ‘‘sand”’ if it consisted of 51% 
sand and 49% clay. 

A more complex system used by many 
soil scientists and engineers is indicated 
in figure 3. This system is more adequate 
than that of figure 2 and includes a cen- 
tral zone ‘‘clay loam,’’ which would be 
useful, but it has other drawbacks. 
“Clay” covers an even larger portion of 
the diagram than in figure 1 and 2. It 
would seem unwise to use the word 
“‘clay’’ to describe a sediment with only 
31% clay and higher per cents of either 
silt or sand. The very irregular subdivi- 
sions constitute a serious difficulty as in 
the case of figure 1. Perhaps the system 
is useful to soil scientists or engineers, but 
it is not applicable to descriptions of 
marine sediments. 

Figure 4 shows a system which was 
suggested by Trefethen (1950). From the 
point of view of a geologist this system 
has obvious advantages over those shown 
in figures 1 to 3. The areas are nearly uni- 
form in size and there is a general sym- 
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Fic. 2.—System proposed by Robinson (1949). 
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Fic. 3.—System used by U.S. Bureau of Public Roads. 
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Fic. 4.—System proposed by Trefethen (1950). 


metry so that the system is useful in de- to develop classes which could be dis- 
scribing the position of any particular tinguished without too much difficulty in 
sediment in the triangle. The names are the field, (2) to draw boundaries within 
all well-known although a minor incon- the triangle between groups of previ- 
sistency exists in the names ‘‘clay-silt’’ ously analyzed sediments so as to sepa- 
and “‘clay-sand” in contrast to ‘‘silty- rate natural subdivisions, and (3) to 
clays,” ‘‘silty-sands,’’ etc. One more seri- illustrate the general characteristics of 
ous objection applies to the central zone. size distribution with as few classes as 
No name is given for a sediment which _ possible. The uneven widths of the zones 
has approximately equal quantities of in the diagram are due in part to the 
sand, silt, and clay. The analysis of sedi- easier recognition of some size contents 
ments along the Gulf coast has indicated than others. For example, 5% of clay in 
that this central area of the triangle may a clean sand is more obvious than 20% 
be very important. It would be awkward of clay in a silt. The large area indicated 
to use all three names to describe a as ‘‘mud”’ was based on a test of field 
general type of sediment, especially since identification by a group of six geologists 
each of the names consists of three words. at Scripps Institution. It appeared that 
Another minor, but important, objection this large area could not be readily sub- 
lies in the rather large number of sub- divided without laboratory analyses. 
divisions which are difficult to remember. Many difficulties developed in the use of 

Figure 5 represents a system developed _ the system, however, so that it has been 
in the early stages of A. P. I. Project 51 abandoned. The supposed natural boun- 
which was proposed largely to take care daries between sediment types became 
of field classifications but later on was _ far less conspicuous after several thou- 
applied to bottom sediment charts. It sand samples had been analyzed and 
is based on the following principles: (1) plotted on the triangles. Also the irregu- 
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larity of the areas and lack of symmetry 

make the system difficult to remember. 
The use of the term ‘“‘mud”’ caused seri- 
ous objection partly because this term 
has been used very loosely by geologists 
and has grown to mean different things 
to different groups, particularly in the 
petroleum industry. 

A more useful system, so far as natural 
subdivision is concerned, is illustrated in 
figure 6. This system which is a further 
breakdown of figure 5 was suggested by 
several members of A. P. I. Project 51. It 
has a much closer approximation to the 
natural boundaries between the large 
number of samples which have now been 
analyzed than is true of the system shown 
in figure 5. The ten percent lines are par- 
ticularly useful in this connection, espe- 
cially as regards such names as ‘‘sand,”’ 
“silty clay,’ and “clayey silt.’ The 
wider subdivisions like ‘“‘sandy mud’”’ and 
“‘muddy sand” are also well justified, as 
‘is the large division called ‘‘mud.’’ Some 
of the objections applied to the other 
systems, however, also apply to figure 6. 


Fic. 5.—System first developed by API Project 51, later abandoned. 


It is difficult to find a good name to sub- 
stitute for “‘mud.” Also the large number 
of subdivisions and the lack of symmetry 
make the system complicated and dif- 
ficult to remember. 


SYSTEM PROPOSED FOR ADOPTION 


The system indicated in figure 7 is not 
particularly different from some of the 
others, notably that of figure 4. The 
boundaries at the sides of the triangle are 
the same as those used by Krumbein and 
Sloss (1951, p. 122). It has some advan- 
tages over all of the other systems. There 
is one large central area, ‘‘sand-silt-clay,” 
which can be used to describe the large 
group of sediments which consist of rela- 
tively uniform mixtures of the three 
grades of sediment. Except for a slightly 
larger central area, the rest of the sub- 
divisions are rather uniform in size. The 
figure has symmetry and the boundaries 
are easy to remember. It was found that 
analyses from various sediment prov- 
inces, when grouped into the triangle, 
could be described quite adequately by 
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Fic. 6.—System proposed by some members of API Project 51. 


these subdivisions (see for example fig. 
8). It is only slightly less useful in this re- 
spect than figure 6, but certainly has the 
advantage over the latter in simplicity 
and symmetry, and in having more ac- 
ceptable names. 

The name for the central portion of 
figure 7 is unfortunate in one respect 
since it is difficult to have a threefold 
name of this sort. A possible substitute is 
the abbreviation ‘“‘sansicl’”” which would 
be easy to remember (especially by the 
fathers of small children). This word was 
not used here partly because of objections 
to new nomenclature which is always dif- 
ficult to establish. Some scientists would 
have preferred the word ‘“‘mud”’ for this 
central zone. ‘‘Mud”’ certainly has the 
advantage of simplicity and it is unfor- 
tunate that it has grown into disrepute as 
a grade term. 

The central zone of the triangle might 
be subdivided into the same groupings 
shown in figure 4, but this would again 
lead to the difficulties of an extremely 


complicated nomenclature for what is es- 
sentially a zone where the three sediment 
grades are each well represented. 


RESULTS OF QUESTIONNAIRE 


A questionnaire was sent to 40 sedi- 
mentationists and sediment laboratories 
and replies from 38 were received. In this 
questionnaire the diagrams (figs. 1 to 7 
and a slightly modified form of fig. 7) 
were submitted and a preference was re- 
quested along with reasons for the pref- 
erence. Most of the replies gave the 
order of preference of as many as three 
systems. Since it was felt that second and 
third choices should be given some con- 
sideration in a pool of results, it was de- 
cided to weigh the voting as follows: four 
points were given to a first choice, two to 
a second, and one to a third. Further- 
more, in cases where it was stated that 
two systems were equally good, three 
points were given to each of these sys- 
tems. Tabulating the votes by this 
method and combining the votes of the 
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Fic. 7.—System which is recommended for general adoption, based on extensive discus- 
sion and correspondence with sedimentationists. 


& GUADALUPE DELTA 
x INNER SHELF 
e BAYS NEAR NARROWS 


Fic. 8.—Application of system proposed in figure 7 to three sedimentary environments 
along the Texas coast. The “delta” samples represent a clay, the “inner shelf” samples a sand- 
silt-clay, and the “bays near narrows’ samples a clayey sand. 
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system in figure 7 with those in a system 
that was almost identical, gave results 
(table 1) which indicate an overwhelming 
vote in favor of figure 7.5 


TABLE 1.—Evaluation of systems 
by sedimentationists 


No. given 


Points first choice* 


System 


Fig. 2 
Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 1 


* Does not include cases where two systems 
were considered equally good. 


The same system was given the largest 
number of first choices. The system in 
figure 4 stood second in this respect and 
no other system received more than two 


3 Including the nearly identical system. 
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first choice votes. It is significant that 
only one sedimentationist, who voted for 
more than one system, failed to include 
the system of figure 7 among the first 
three. 

The results of the questionnaire an- 
swers seem to indicate that there would 
be few geologists who would object to 
adopting the system which is here pro- 
posed. It is hoped that this will be the 
case so that in the future it will become 
possible to describe sediments by these 
names and have the names denote the 
same meaning to all readers. 
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SORTING NOMENCLATURAL ASSORTMENT 


RICHARD L. THREET 
University of Nebraska, Lincoln, Nebraska 


ABSTRACT 


While ‘‘assorted’’ connotes miscellany, and ‘“‘sorted’”’ (graded) connotes singularity, the liter- 
ature of sedimentology is confused occasionally by such unnecessary terms as “‘well-assorted”’ 
(intended to mean ‘‘well-sorted’’) and “‘unassorted”’ (which ought to mean not assorted, hence 
“sorted,”’ but which is intended to mean “‘poorly-sorted’’). Further confusion comes about in 
engineering geology and engineering literature by use of “‘uniformiy-graded” (intended to 
mean uniform frequency distribution of various textural grades, hence ‘‘poorly-sorted’’). To 
avoid ambiguity, various derivatives of ‘‘assorted’’ and “‘to assort’’ should be abandoned; 
“‘uniformly-graduated (texture)’’ may be an appropriate term for mechanically stable engineer- 


ing soils of high density. 


When a geologist or engineer buys a 
quantity of asssorted toy balloons for his 
children, he expects to receive balloons in 
a variety of sizes, shapes, and colors. If 
one child prefers only red, pear-shaped 
balloons, he may select or sort out only 
those and give the remainder to his 
brothers and sisters. When the geologist 
or engineer buys ungraded eggs for his 
wife, he expects a variety or assortment 
of sizes, shapes, colors, and degrees of 
freshness. If he buys graded eggs, he ex- 
pects to receive eggs of uniform qualities. 
While the geologist or engineer, per- 
forming these simple domestic chores, 
encounters no difficulty in saying what he 
means and meaning what he says, he does 
encounter considerable difficulty and 
ambiguity, professionally, in description 
of textural-frequency distribution in 
clastic sediments. 

According to Rice (1940, p. 158) who 
refers to Arthur Holmes, a graded sedi- 
ment is a loose or cemented detrital sedi- 
ment in which the allogenic grains lie 
mainly within the limits of a single grade 
(textural class). Dealing with statistical 
analysis of grain size or textural distri- 
bution data, Krumbein and Sloss (1951, 
pp. 74-75) state that: 


“Two sands may have the same median 
diameter, yet one sand may have a much 
wider range of sizes than the other. The de- 
gree of sorting is a measure of the spread of 


the distribution. It is defined statistically as 
the extent to which the grains spread on either 
side of the average. The wider the spread, the 
poorer the sorting. The sorting coefficient, . . . 
developed by Trask (1932), is defined as the 
square root of the ratio of the larger quartile 
. .. to the smaller quartile. . . 


Sediments which consist almost entirely 
of a single grade or textural class have 
sorting coefficients which approach unity; 
sediments which are made up of various 
grades have sorting coefficients consider- 
ably greater than unity. Numerical 
values of the sorting coefficient can be 
selected, arbitrarily, to correspond to the 
qualitative terms ‘‘well-sorted,”’ ‘‘moder- 
ately-sorted,”’ and ‘‘poorly-sorted.”’ 

As used by the above authors (and in 
most textbooks of sedimentary petrogra- 
phy) the terms ‘‘well-sorted’’ and 
“‘graded”’ have clear meaning. They refer 
to sediments in which there is a marked 
preponderance of a single particle size or 
textural grade. Such clear-cut nomen- 
clature, however, is not universal among 
geologists, and especially among sedi- 
mentologists, engineering geologists, and 
engineers. One occasionally sees reference 
to ‘‘well-assorted sands’’ in geological 
literature, and the author evidently 
meant ‘‘well-sorted sands.” The ‘‘well- 
graded” or ‘‘uniformly-graded”’ soil or 
sediment of the engineer usually is the 
“‘poorly-sorted”” sediment of the geolo- 


\ 
q 


160 


gist, although occasionally ‘‘well-sorted”’ 
is meant by the engineer. 

A widely-used textboc’ of geology for. 
engineers (Trefethen, 1949, p. 85) states: 


“Assortment. The regolith consists of either 
sorted or unsorted material. Deposits laid 
down by water or wind are sorted to varying 
degrees of perfection. Deposits laid down by 
ice or formed by earth movements—for 
example landslides or mudflows—or by weath- 
ering generally are unassorted. Some degree 
of assortment, however, usually results from 
any movement of rock debris.” 


It seems that the above author is trying 
to say that water and wind are relatively 
selective in their transportation and dep- 
osition of various clastic materials, 
while ice and mass wastage processes are 
much less selective. Most geologists will 
agree that such is the case, generally. 
However, the present writer is disturbed 
by the statement that deposits of glacial 
or landslide origin are ‘‘unassorted.” It 
seems that unassorted ought to mean not 
assorted or not composed of various 
textural elements, hence ‘‘sorted.’’ Fur- 
thermore, the additional statement that 
“Some degree of assortment, however, 
usually results from any movement of 
rock debris,” could be interpreted as 
“Some degree of mixing or combination 
of various textural elements usually re- 
sults from any movement of rock debris.” 
While he agrees that turbulent move- 
ment of rock debris usually does lead to 
mixing, the present author feels that 
Trefethen meant that ‘‘Some degree of 
sorting usually results from any move- 
ment of rock debris.” 

Reference to dictionaries is of little 
help in the present problem of nomencla- 
ture, for the relatively uncommon transi- 
tive verb ‘‘assort’’ may mean either ‘‘to 
separate into classes or grades, to grade, 
to sort’’ or ‘“‘to make up of various parts, 
to make a variety.”’ In the usual meaning 
of the noun “assortment,” there is no 
ambiguity of meaning, for it connotes 
only miscellany or mixture of various 
elements. However, there is no need for 
introduction of the ambiguity of deriva- 
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tives of ‘“‘to assort’”’ and various degrees 
of ‘‘assortment”’ into the literature; de- 
grees of sorting (sorting coefficient) ac- 
curately and consistently describe the 
texture-frequency relationship. Graph 
A (fig. 1) represents a well-sorted sedi- 
ment; graph B represents a poorly-sorted 
sediment. 

In the case of ‘‘graded,”’ the problem of 
usage is somewhat more complex. In 
view of at least partial synonymy of ‘‘to 
grade” and “‘to sort,” a ‘‘well-graded”’ 
sediment ought to be a ‘‘well-sorted”’ 
sediment, hence consisting largely of a 
single textural grade or class. In view of 
alternative meanings of ‘“‘to grade,” a 
“uniformly-graded”’ sediment might be 
either (1) a “poorly-sorted”’ sediment or 
(2) a “‘well-sorted”’ sediment, depending 
on whether one is thinking of (1) a uni- 
form or equable frequency distribution of 
the various textural grades or (2) a uni- 
formity or singularity of particle size or 
grade. Fortunately, ‘‘uniformly-graded”’ 
has not been introduced widely into the 
literature of sedimentology; but it is 
common in articles on engineering and 
engineering geology. 

For example, Winterkorn (1942, p. 
304) published a tabular summary of 
physical properties of subgrade soils, in 
which a (poorly-sorted?) material con- 
taining 70-85% sand, 10-20% silt, 
5-10% clay, and 0-5% colloids is de- 
scribed as wuniformly-graded, while a 
(moderately-sorted?) material containing 
less than 55% sand, 30-90% silt, 10-30% 
clay, and little or no colloids is described 
as lacking in coarse and finest sizes. Is 
this apparently confused nomenclature 
of the engineer justified? 

In the stability of engineering soils 
materials, maximum density (resulting 
from the appropriate textural-frequency 
distribution which will allow filling of in- 
terstices among larger particles with pro- 
gressively finer particles) is an important 
consideration. Consequently, uniform 
distribution of various textural grades 
(graph C, fig. 1) is desirable, and the en- 
gineer is interested in this uniformity. To 
call such a sediment ‘‘poorly-sorted”’ 
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Fic. 1.—Cumulative curves. 


(A) beach gravel and (B) glacial till, from Krumbein and Pettijohn (1938, p. 231); cy Ful- 
ler’s grading curve for maximum (practical) density, modified from Trefethen (1949, p. 91). 
e sediment represented by (A) is well-sorted, with a sorting coefficient only slightly greater 


than 1; the sediments represented by (B) and (C) are poorly-sorted, with sorting coefficients 
somewhat greater than 5. 


might imply undesirability. It is not sur- 
prising, therefore, that the engineer 
speaks of ‘“‘uniformly-graded soil.’’ But nomenclature of the geologist and engi- 
to the geologist, accustomed to thinking neerimmediately. But we should try! Per- 
in terms of degree of uniformity of grain haps ‘‘uniformly-graduated (texture)”’ 
size and degree of sorting (‘‘graded sedi- would bea more appropriate term for the 
ment’’), an inverted mental picture is mechanically stable soil texture repre- 
presented. sented by the engineer’s grading curves. 


Tradition exerts a powerful influence; 
and we are not likely to harmonize the 
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SUBMARINE GEOLOGY OF SAN PEDRO SHELF* 
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ABSTRACT 


The submarine area off San Pedro, California, consists of a shallow shelf which extends sea- 
ward 3 to 12 miles and is bordered by a steep escarpment leading down into the deep San Pedro 
Basin. The shelf and escarpment are cut by a prominent sea valley and two smaller valley-like 


features. 


Shale, limestone, and sandstone of middle Miocene age are exposed on the central shelf. 
Late Miocene mudstone crops out on the shallow inner shelf, and early Pliocene siltstone occurs 
on the steep escarpment at relatively great depths. The ages and distribution of the rocks 
indicate that the lithology and structure of nearby Palos Verdes Hills extends southeastward 


onto the submarine shelf and escarpment. 


Unconsolidated sediments on the shelf are subdivided into six types according to their 
texture and color. Finest sediment is found behind the breakwater inclosing the shoreward 
part of the area. Coarsest sediment is a yellowish brown sand on the central shelf and is believed 
to be residual from Pleistocene conditions. Sediment sorting within the area correlates well with 


known currents. 


INTRODUCTION 


San Pedro Shelf is a relatively shallow 
submarine area which extends a maxi- 
mum of 12 miles southward from the city 
of Long Beach to the 40 fathom break in 
slope (fig. 1). The eastern boundary is 
arbitrarily defined as the meridian of 
118° 03’ West longitude. Approximately 
one-fifth of the total San Pedro Shelf is 
within the Federal breakwater. The 
breakwater incloses the northern part of 
San Pedro Bay, except for a small sector 
on the east and forms the Los Angeles- 
Long Beach Outer Harbor. 

Emery and Shepard (1945) have de- 
scribed rocks from five localities off San 
Pedro and the area was included in a dis- 
cussion of the sediments off the Cali- 
fornia coast by Revelle and Shepard 
(1939). In addition, considerable sam- 
pling and test hole drilling have been 
conducted in the harbor area in connec- 
tion with engineering projects. The re- 
sults of a number of test holes drilled in 
Long Beach Harbor are described by 
Evans (1949). Dredging operations by 


! Contribution of Allan Hancock Founda- 
tion No. 140. Contribution of Scripps Institu- 
tion of Oceanography, new series No. 699. 

2 Present address: Scripps Institution of 
Oceanography, La Jolla, California. 


the United States Army Corps of Engi- 
neers have also furnished useful informa- 
tion (H. W. McOwat, personal communi- 
cation). 

The writer wishes to thank Dr. K. O. 
Emery of the University of Southern 
California for his supervision and guid- 
ance and Mr. Robert W. Crouch, who 
kindly identified the Foraminifera in 
many of the rocks and sediment samples. 
Appreciation is also expressed to the 
Allan Hancock Foundation for the use of 
their sampling equipment and for the 
opportunity to collect several large 
dredge samples from the research ship 
Velero IV. The investigation was made 
possible through the interest and backing 
of the State of California Department of 
Public Works, Division of Water Re- 
sources. 


GEOLOGY OF THE ADJACENT COAST 
Physiography 


The coast bordering the San Pedro 
Shelf may be divided into two distinct 
units. These are the northwest-southeast 
trending structural highland of Palos 
Verdes Hills, (sometimes called San 
Pedro Hills), west of San Pedro, and the 
coastal plain to the north and northwest. 
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Palos Verdes Hills are the dominating 
physiographic feature of the area with a 
maximum elevation of 1480 feet. The up- 
per slopes of the hills are characterized by 
a rolling mature topography, whereas the 
lower portions are marked by a series of 
marine terraces which terminate in sea 
cliffs to the south and west. 

In contrast to Palos Verdes Hills, the 
coastal plain is a low flat surface on which 
there is a group of small uplifted areas as- 
sociated with the Newport Inglewood 
fault zone (fig. 3). Signa! Hill, in Long 
Beach, is most prominent among these. 
Farther southeast, other gentle rises oc- 
cur at Seal Beach and Huntington 
Beach. Between the cliffed shorelines of 
the uplifted areas are marshlands and 
bays, all of which are protected by barrier 
beaches. These and normal beaches fringe 
the entire shoreline, with the exception of 
the Los Angeles-Long Beach Harbor. 


Stratigraphy 


Exposures of basement rock and Terti- 
ary and Quaternary sedimentary rocks 
occur in the Palos Verdes Hills which are 
representative of most of the strati- 
graphic units known to exist beneath the 
alluvium covered coastal plain. The ex- 
posures in Palos Verdes Hills have been 
described by Woodring, Bramlette and 
Kew (1946). Basement rocks consist of 
Jurassic (?) shists and altered basic ig- 
neous rocks. Overlying the basement 
rocks are the middle Miocene Altamira 
shales, limestones, and sandstones, Upper 
Miocene Valmonte Diatomite and Ma- 
laga Mudstone, and the Lower Pliocene 
Repetto Siltstone. Pleistocene sands and 
gravels which underlie the recent fluvial 
deposits of the coastal plain are exposed 
on the north and east flanks of Palos 
Verdes Hills. The Pleistocene deposits 
have been classified as the Lower Pleisto- 
cene Lomita Marl, Timms Point Silt, and 
San Pedro Sand, and the Upper Pleisto- 
cene Palos Verdes Marine Terrace Cover. 
Recent non-marine material occurs as 
terrace cover in the Palos Verdes Hills, 
and as fluvial deposits on the coastal 
plain. 
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SUBMARINE TOPOGRAPHY 


Information regarding the topography 
of the San Pedro Shelf area was obtained 
from soundings on unpublished hydro- 
graphic sheets of the United States Coast 
and Geodetic Survey, from published 
chart 5142, and from fathograms made 
aboard the Velero IV. Figure 1 shows the 
area contoured on 1, 5, and 50 fathom 
intervals. 

The sea floor off San Pedro is composed 
of three topographic units: the shelf; the 
steep slope forming the southern bound- 
ary of the area; and the submarine val- 
leys which indent the slope. Fathograms 
of the major topographic features are 
shown in plate I. 

The shelf is best developed in the cen- 
tral area due south of Long Beach, where 
it is 11.5 nautical miles wide. On this 
widest part the average slope from the 
shore to 25 fathoms is 8.5 minutes which 
is very close to the average of 7 minutes 
for the continental shelves of the world 
(Shepard, 1948, p. 144). San Pedro Shelf, 
however, is much narrower and shallower 
than the average. The only significant 
topographic irregularities on the shelf 
occur on the wide central area. A low 
broad _northwest-southeast trending 
topographic nose extends the 11 fathom 
contour seaward for about 33 miles. Be- 
yond this point the nose slopes gently 
seaward. Northeast of this nose is a 
roughly circular depression about one 
mile in diameter and about 1 fathom 
deep. East and west of the central area 
the shelf has a smooth surface and is 
narrower and somewhat steeper. 

The steep slope forming the southern 
boundary of the area has been named the 
San Pedro Escarpment by Shepard and 
Emery (1941). At the western edge of 
San Pedro Shelf, the escarpment has an 
average slope of 51 minutes between 25 
and 50 fathoms, and 7° 25’ from 50 
fathoms to the floor of San Pedro Basin. 
West of the San Pedro Shelf, off Palos 
Verdes Hills, the escarpment is steeper 
and relatively straight which led Shepard 
and Emery to postulate a tectonic origin. 
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East of the widest part of the San Pedro 
Shelf, the slope loses the appearance of 
a fault scarp. 

Perhaps the most striking topographic 
feature of the area is the sharp indenta- 
tion in the San Pedro Escarpment south 
of Point Fermin. Shepard and Emery 
named this feature San Pedro Sea Valley. 
The general trend of the valley is east- 
west, but towards its head a branch ex- 
tends to the northeast towards the mouth 
of the San Gabriel River ten miles away. 
No topographic connection between the 
river and valley are now evident on the 
shelf. 

A smaller sea valley cuts the slope at 
the eastern margin of the area. The fea- 
ture appears at about 350 fathoms and 
extends northward up the slope. At 250 
fathoms it divides into twin valleys both 
of which cut about one mile into the shelf. 
The twin valleys have grades only 


PLATE I.—Fathograms of the major topographic features. 
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slightly steeper than that of the adjacent 
slope. 


CURRENTS 


Far offshore, beyond the Channel Is- 
lands, a mass southerly transport of 
water called the California Current flows 
throughout the year. During all but the 
spring months, a counter-current opera- 
ates, causing a northward flow of surface 
water. Part of this flow turns inshore and 
south again, and the resulting southeast- 
ward movement of water overlaps the 
San Pedro Shelf area. In the spring when 
the surface flow of the countercurrent is 
prevented by strong northwest winds, 
the California Current extends to the 
nearshore area and continues the south- 
easterly flow of the normal coastal cur- 
rent (Sverdrup and Fleming, 1936-41; 
Sverdrup, e¢ al., 1941-44, 1947). 
Longshore currents are present within 
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the breaker zone, and for a short distance 
seaward. Their direction of flow is deter- 
mined by the configuration of the coast- 
line and the direction of approach of the 
generating waves (Shepard, 1950). South 
of Long Beach, longshore currents pres- 
ently flow predominately to the north- 
west into the outer harbor, but before the 
completion of the Long Beach detached 
breakwater in 1930 the direction of flow 
was to the southeast, directly the oppo- 
site of the present trend. This reversal 
was caused by the breakwater preventing 
all but southerly waves from reaching the 
shore in the area of current generation. 
Further southeast of Long Beach, the 
direction of flow of longshore currents 
still is largely to the southeast, except 
during periods of strong southerly swell, 
which causes a reversal in the direction of 
flow. 
BOTTOM SAMPLES 
Collection and Treatment 


Eleven of the total of 161 samples 
were collected aboard the Velero IV with 
a heavy rock dredge. The remaining 150 
were taken from the boat Spearfisher. All 
but three of the Spearjisher samples 
were taken with a snapper-type bottom 
sampler, which under ideal conditions 
obtains about one pint of sediment. The 
three remaining samples were collected 
with a small triangle dredge. 

Laboratory descriptions of the sedi- 
ments and rocks were made with hand 
lens and binocular microscope. A com- 
posite of each sediment type was exam- 
ined in order to determine the approxi- 
mate composition and such features as 
surface texture and shape. Colors of all 
sediments and rocks were classified ac- 
cording to the Munsell color system 
(Goddard, et al., 1948). 

The foraminifera faunas of many of the 
rock and unconsolidated sediment sam- 
ples were examined by R. W. Crouch. 

Igneous rocks are principally trans- 
ported pebble-sized fragments of granitic 
composition. The larger igneous and 
metamorphic rocks which were essential- 
ly in place were identified by thin-section 
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and petrographic microscope. Several of 
the limestones and sandstones were 
treated with dilute hydrochloric acid in 
order to determine the clastic:carbonate 
ratio. 

Mechanical analyses of sediments were 
made by pipette, settling tube (Emery, 
1938), or sieving according to the size 
distribution of the sample. 


Rock Samples 
General 


From the 25 samples containing rock, 
a total of 741 individual specimens were 
examined and described. The positions 
of the rock samples are plotted on figure 
2 along with the outlines of a yellowish 
brown sand area which bears important 
relationships to many of the rock sam- 
ples. 

Age determinations of the rock sam- 
ples were based on foraminiferal content 
and lithologic comparisons with rock 
cropping out on the coast. Rock samples 
from several localities contained non- 
diagnostic forms or were barren of fossils 
hence their ages are based entirely on 
lithologic comparisons. 

Criteria for recognizing rock samples 
from the sea floor as being essentially in 
place were established by Emery and 
Shepard (1945, pp. 433-434). Their cri- 
teria are: abundant rocks of similar 
lithology, fresh fractures, fragile or poorly 
consolidated rock, and general angular- 
ity, large size of individual rocks, catch- 
ing of the dredge on rocks firm enough to 
stop the ship’s progress, and strong pull 
on the accumulator spring of the dredg- 
ing boom. Substantial evidence is ob- 
tained when several of these criteria ap- 
ply to a single sample. 


Age and Distribution of Rock Types 


Rocks essentially in place: Four areas 
are distinguishable from which rocks be- 
lieved to be essentially in place were re- 
covered. These are: (1) west end of outer 
harbor and inner shelf, (2) west central 
shelf, (3) outer shelf and escarpment, and 
(4) San Pedro Sea Valley. For conveni- 
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PLATE II.—Middle 
from the outer harbor (Sta. M 26). Note the 
Gorgonid coral and the many pholad borings, 


Miocene sandstone 


ence, each area is discussed independ- 
ently. 

(1) West end of outer harbor and inner 
shelf: Rock outcrops in the outer harbor 
south of Reservation Point are well 
-known to harbor engineers inasmuch as 
they were formerly a navigational hazard. 
The shallowest of these outcrops, known 
as Weldt Rock, was partially removed by 
blasting. Weldt Rock (figure 2, sta. 26) 
consists of gray medium-grained sand- 
stone, well cemented with calcium car- 
bonate. The grains are predominantly 
angular quartz, but a significant amount 
of feldspar and dark hornblende and bio- 
tite is present. Pholad borings are ex- 
tremely abundant, some containing liv- 
ing pholads (pl. II). 

A short distance northwest of Weldt 
Rock is another outcrop which is com- 
posed largely of dark gray, hard porce- 
laneous shale and white cherty, silty 
shale. Dark olive gray, fine crystalline 
limestone and soft massive olive gray 
mudstone were also recovered. Several 
hundred feet north of this locality was 
the now non-existent Deadman’s Island. 
As described by Woodring, Bramlette, 
and Kew (1936) the island consisted of 
Pleistocene and Recent sediments over- 
lying the upper Miocene Malaga mud- 
stone. The mudstone dredged south of 
the site of Deadman’s Island represents 
an extension of this formation beneath 


the harbor. Lithologic evidence indicates 
that the hard shale, sandstone, and lime- 
stone are part of the middle Miocene 
Altramira formation, so their outcrop- 
ping suggests only a thin section of Mal- 
laga mudstone at this location. Small 
angular fragments of mudstone were also 
recovered directly south of Weldt Rock. 

Still farther south, beyond the break- 
water on the western inner shelf, addi- 
tional samples of soft light olive gray 
mudstone were recovered. Because the 
mudstone is friable when wet all occur- 
rences were taken to indicate an outcrop 
area. As further evidence, two stations 
yielded rock which was obviously broken 
from an outcrop. The mudstone shows a 
typical greasy streak when scratched 
with the fingernail, and all samples were 
considerably affected by worm borings 
(pl. III). Because of the softness of the 
mudstone, sand grains and microfossils 
were impregnated in its surface layers 
which led to some confusion as to its age. 
In order to obtain more positive proof, a 
dredge haul was made in the area and 
large fragments were recovered. These 
were found to contain a distinct upper 
Miocene (Delmontian) fauna. On the 
basis of the faunal determinations from 
the larger sample, the other lithogically 
similar pebble-sized mudstone fragments 
were also classified as upper Miocene 
Malaga mudstone. 


mudstone 


Miocene 


part of the inner shelf. Note the angularity of 
the fragments and the worm borings. 


AC a | 
Pirate 
from stations M 134 and M 70 on the western Bes: 


PLATE IV.—Middle Miocene rocks from 
Station AHF 2032 (Horseshoe Kelp): (1) Hard 
crystaliine limestone; (2) Shelly limestone; (3) 
Porcelaneous laminated shale; (4) Welded 
tuff; (5) Quartzite. Note the pholad borings. 


(2) West central shelf: Abundant 
rocks essentially in place were found on 
the west central shelf. These consisted 
largely of the hard, laminated, porcelane- 
ous, rhythmically banded shale typical of 
the Monterey formation in the Palos 
Verdes Hills. More than 90 pieces of this 
rock were recovered in one dredge haul, 
and one boulder had a diameter of 51 
centimeters. In addition to the shale, 
sandy, shelly, olive colored limestone was 
sparsely represented. Two large boulders 
of welded tuff (ignimbrite) and some 
fragments of quartz schist similar to that 
described by Woodford (1924) were pres- 
ent among the shale boulders. Many of 
the large rocks were sub-round to sub- 
angular (pl. IV), indicating that in the 
past the rocks may have been subjected 
to wave action. Despite the rounding, the 
excessive number of rocks of similar 
lithology and the large size of many of the 
individual rocks attest to their being near 
an outcrop. The typical Monterey li- 
thology of the shale was taken as sufficient 
evidence for assigning a middle Miocene 
age to the shale. Limestones similar to 
those dredged along with the shale also 
occur in the Palos Verdes Hills in the 
Altamira formation. The age of the 
welded tuff is not certain but probably 
can be classified along with the sedimen- 
tary rocks as middle Miocene, as pyro- 
clastic material is associated with the 
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Miocene basalts of the Palos Verdes Hills. 
Quartz schist, like that dredged from the 
western shelf, has been assigned a possi- 
ble Jurassic age by Woodford. The frag- 
ment recovered was evidently reworked 
into the Miocene sediments. 

A number of fragments of recently 
formed sandy limestone were also re- 


covered from the west central shelf. The 
material was composed of yellowish 
brown medium sand and many living 
reef-forming organisms cemented with 
calcium carbonate. The rock was poorly 
consolidated when wet but became much 
firmer upon drying. Recent formation of 
this material was well shown by an em- 
bedded bottle. 

(3) Outer shelf and escarpment: A 
dredge haul on the eastern outer shelf re- 
covered a single specimen of dark-gray 
hard finely crystalline limestone. The rock 
measures 15 centimeters in maximum 
diameter and was angular. Many pholad 
borings are present, but no living pholads 
were found. Because only one rock was 
recovered in the dredge haul there is a 
possibility that it may have been trans- 
ported to this locality by floating kelp 
(Emery, 1941). However, notations on 
the navigational chart, indicate a con- 
siderable area of rock bottom at this lo- 
cality, and it is probable that if further 
dredge hauls had been possible more rock 
would have been recovered. The single 


PLATE V.—Lower Pliocene rocks from Sta- 
tion AHF 2033: (1) Hard mudstone concre- 
tions; (2) Soft siltstone. Note the angularity of 
the siltstone. 
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piece of limestone was classified as essen- 
tially in place because of its large size and 
angularity. Lithologically, the limestone 
is similar to the siliceous limestone in the 
Altamira formation of Palos Verdes 
Hills. 

On the western escarpment at a depth 
of 200 fathoms, a large dredge load of 
massive, angular, olive colored soft silt- 
stone, and hard sandstone and mudstone 
concretions was obtained (pl. V). Fora- 
minifera in the siltstone were found to be 
lower Pleistocene (Repetto) in age. The 
concretions range up to 21 centimeters in 
diameter and are primarily hard massive 
calcareous mudstone, shaped in elongate 
cigar-like figures and irregular round 
masses. The soft Pliocene siltstone is 
pierced by numerous borings of about the 
right size for pholads, which may indicate 
a former shallower environment. When 
brought aboard the ship, the rocks were 
enclosed by a plastic mass of silt and 
clay, indicating a thin sediment cover 
over the outcrop. Also present in the 
same sample were two barite concretions 
(Revelle and Emery, 1951). The largest 
of the barite fragments was five centi- 
meters in diameter, and both were 
roughly tabular in shape. The surface of 
the barite was rough and had a botrioidal 
appearance. In contrast to the olive color 
of the enclosing siltstone, the barite was 
pale yellow. 

(4) San Pedro Sea Valley: Rock has 
been recovered by previous workers from 
five localities in the San Pedro Sea Valley. 
In the eastern extremity of the valley at 
100 fathoms depth an area was sampled 
consisting principally of dark gray crys- 
talline limestone with some sandstone 
and shelly limestone. Most of the rock is 
angular to subround and is considered to 
be at or near a limestone outcrop. About 
a mile north of the limestone outcrop, an 
area of angular gray massive siltstone 
was located. Pliocene foraminifera are 
reported from this rock, and it is assumed 
that it is the Repetto siltstone, like that 
found on the escarpment farther south. A 
few small angular fragments of mudstone 
were found in the central valley at a 
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depth of more than 300 fathoms. The 
mudstone contains only a few non- 
diagnostic diatoms and therefore could 
not be correlated with any coastal type. 
Mudstone was obtained on the northern 
lip of the sea valley, which was identified 
as upper Miocene. This outcrop is in line 
with the southwest trend of the Malaga 
mudstone exposures on the western inner 
shelf, and is therefore considered to repre- 
sent a seaward continuation of the upper 
Miocene strata. 

Transported Rocks: Rock considered to 
have been transported to the locality of 
sampling was recovered from three areas 
on the San Pedro Shelf. These are the: (1) 
Central inner shelf, (2) West central 
shelf, and (3) Central outer shelf. 

(1) Central inner shelf: One sample at 
the Long Beach entrance of the break- 
water contained several pebbles of soft 
olive gray mudstone, small chips of lime- 
stone and sandstone, and many small 
pebbles of granitic rock. All of these 
rocks probably represent material uti- 
lized in the construction of the break- 
water. 

(2) West central shelf: Nine snapper 
samples taken on the west central shelf, 
surrounding the area of outcropping mid- 
dle Miocene rock, yielded 317 pebbles. 
All of these pebbles are enclosed in yel- 
lowish brown sand (figure 2). Seventy per 
cent of the pebbles are limestone, largely 
of the brownish yellow, hard, fine crystal- 
line variety. More than half of the lime- 
stone pebbles are chips left after pholads 
had completely riddled a rock, as is 
shown by their irregular faceted shapes. 
Most of the remaining pebbles are hard 
well-cemented sandstones and porcelane- 
ous shales similar to those of the middle 
Miocene strata of Palos Verdes Hills. A 
few miscellaneous pebbles of granite, 
quartz, hard mudstone, and phosphorite 
were also recovered. Nearly all of the peb- 
bles show some degree of rounding, and 
many are well rounded. 

The significance of these pebbles asso- 
ciated with the yellowish brown sand lies 
in the fact that pebbles of similar charac- 
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teristics are found in the Lower Pleisto- 
cene Timms Point silt and Lomita marl 
of Palos Verdes Hills. Woodring, Bram- 
lette, and Kew (1946, pp. 44-45, 53) in 
describing the Timms Point formation, 
mention, that at the type locality the 
yellowish brown silt and sand locally con- 
tains pebbles of limestone like that in the 
underlying Miocene strata. In discussing 
the Timms Point formation at the now 
destroyed Deadman’s Island, they state 
that, ‘‘The Timms Point silt consisted ot 
massive brownish sandy silt and silty 
sand locally cemented. At the base were 
pebbles of limestone and hard mud- 
stone.” The occurrence of the pebbles in 
the Timms Point and Lomita formations, 
similar to those in the yellowish brown 
sand on west central San Pedro Shelf, is 
evidence that the yellowish brown sand 
and pebbles may be residual from sedi- 
ments of Lower Pleistocene age. 

(3) Central outer shelf: Just shore- 
ward of the break in slope on the central 
outer shelf, the dredge recovered 77 small 
granitic pebbles and several chips of hard 
yellowish brown limestone. Coarse sand 
was found with the pebbles, and as all of 
the coarse material was washed free of a 
mass of fine sand and silt after the dredge 
was brought aboard the ship, it is be- 
lieved that a thin veneer of the fine ma- 
terial constituted the surface layer of the 
bottom. These granitic pebbles may be 
part of a deposit which was laid down 
during times of lowered sea level, in Late 
Pleistocene time. In a report on the 
geology of the west basin of Los Angeles, 
California, Richter (1950) shows a sea- 
ward projection of the longitudinal pro- 
file along the base of the gravels deposited 
by an Ancestral San Gabriel River. His 
projection intersects the shelf, in the 
region of this dredge sample, at the 50 
fathom contour. The gravel dredged 
from the outer shelf may, therefore, rep- 
resent deposits of the Ancestrai San 
Gabriel River. 


Structural Implications 


On the basis of the ages and locations 
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of rock and sediment types the following 
large-scale structural features are postu- 
lated: 

(1) A seaward extension of the struc- 
tural unit of Palos Verdes Hills is indi- 
cated by middle Miocene rocks recovered 
from the west central and eastern outer 
shelf. The positions of the rock samples 
show a southeastward trend for the ex- 
tension which is in harmony with other 
regional features such as the Newport- 
Inglewood fault zone, the Wilmington 
and Torrance oil field structures, and the 
major structural features within the Palos 
Verdes Hills (fig. 3). 

(2) An anticlinal nature for the struc- 
ture extending beneath the San Pedro 
Shelf is suggested by the recovery of 
lower Pliocene rock from a depth of 1,200 
feet on the escarpment forming the south- 
ern limit of the shelf, and middle Mio- 
cene rock from a depth of only 60 to 80 
feet on the central shelf. Figure 4 is a 
hypothetical cross section across the shelf 
showing the location of the lower Plio- 
cene outcrop, the middle Miocene out- 
crop in the relatively shallow water of the 
west central shelf and the “lower Pleis- 
tocene’’ sand which surrounds the middle 
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Fic. 4.—Hypothetical cross-section across San Pedro Shelf. G—Upper Pleistocene to Re- 


cent; F—Lower Pleistocene; E—Upper Pliocene; D—Lower Pliocene; C—Upper Miocene; 


Miocene rocks. The stratigraphy of the 
south flank of the Wilmington anticline 
(Winterburn, 1943) was projected south- 
ward to explain theZoccurrences of out- 
cropping rock on the shelf. It should be 
noted again that the cross section is hypo- 
thetical and no direct evidence was found 
which indicated a continuous stratum of 
lower Pleistocene sand beneath the shelf, 
or the existence of the indicated uncon- 
formities. The simplified picture shown in 
figure 4 would unquestionably be com- 
plicated by faulting and minor folding. 

(3) A structural saddle or a fault evi- 
dently separates the middle Miocene 
rocks of the central shelf from that which 
crops out on Point Fermin to the north- 
west. This is shown by fossiliferous upper 
Miocene mudstone found cropping out 
between the two areas of middle Miocene 
lithology. 


Unconsolidated Sediments 
Classification 


Chiefly on the basis of texture and 
color, the sediments were classified into 6 
different types: (1) ‘‘black very fine sand 
to clay,” (2) ‘‘olive gray very fine sand to 
clay,’’ (3) “olive gray fine sand to coarse 
silt,’’ (4) ‘olive gray very fine sand,” (5) 
“olive gray medium and fine sand,” and 
(6) ‘“‘yellowish brown coarse to fine sand.” 
The names of the sediment types include 


B—Middle Miocene; A—Jurassic (?) basement. For location of section see figure 2. 


only those size grades which make up 10 
per cent or more of the sediment. 

In order to illustrate graphically the 
sediment types, the data from mechanical 
analyses were averaged from all of the 
samples comprising each of the six types; 
and an average histogram of each is 
shown in Figure 5. Aerial distribution of 
the various sediment types is shown in 
Figure 6. 


Sediment Types 


“Black very fine sand to clay’: This is 
the least extensive of the sediment types. 
Inside the breakwater, the black color is 
the result of reducing conditions brought 
about by a sewer which empties organic 
rich material into the outer harbor on the 
southwest side of Terminal Island. An 
odor of hydrogen sulfide is clearly dis- 
cernible in all the black sediment but is 
considerably stronger in the north near 
the sewer outlet. The black color does not 
extend eastward, but continues south- 
ward to the breakwater, suggesting that 
this section of the outer harbor is not ex- 
posed to currents which could spread the 
sewage material eastward. Immediately 
offshore from Terminal Island, the black 
sediments are sandy and contain many 
broken mollusk shells. The shells may 
represent a fauna which was killed by the 
sewage. The sand fraction of the black 
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sand, silt and clay was found to be ex- 
tremely rich in mica. Some of the quartz 
and other normally light-colored min- 
erals were dulled by a black organic film. 

The black sulphide rich sediments 
south of Point Fermin are also in a re- 
ducing environment. These reducing con- 
ditions on the open shelf may be ex- 
plained by the White’s Point sewer outlet 
two miles west of the sampling area 
which contributes organic materials to 
the sediments by means of the prevailing 
eastward flowing currents. 

“Olive drab very fine sand to clay’: The 
area covered by “olive gray very fine 
sand to clay’? amounts to about 7.5 per 
cent of the total area. Texturally, it is 
similar to the black sediments, but has a 
smaller amount of sand and more silt. 


Fic. 5.—Histograms of sediment types. 


Starting at the San Gabriel River 
mouth and extending northwest for 
about one mile just offshore, a narrow 
belt of light brown clay was found super- 
imposed as a thin layer on the normal 
“gray very fine sand to clay.”’ The long- 
shore currents apparently have carried 
this distinct brown clay from the river 
mouth into the breakwater area. No 
traces of the brown clay layer were found 
south or east of the river mouth. 

A composite sand fraction of the “gray 
very fine sand to clay’”’ had biotite as the 
most common mineral followed by 
quartz, feldspar, and a small amount of 
hornblende. Rock fragments were also 
noted in the sand. Most of the grains 
were angular and pitted, and a few were 
frosted and subround. 
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Fic. 6.—Bottom materials. 


“Olive gray fine sand to coarse silt’’: By 
far the most common sediment type is 
the “olive gray fine sand to coarse silt,” 
which covers approximately 42 per cent 
of the area sampled, and probably occurs 
in comparable quantities to the north- 


west and southeast. The depth limita- 
tions of this type are not definitely known 
as the deeper portions of the escarpment 
were not sampled thoroughly. A dredge 
haul at 200 fathoms on the central shelf 
yielded find sand and silt, but with con- 
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siderably more silt than is present in this 
sediment type on the shelf. In the sea 
valley at the eastern edge of the area, a 
dredge sample proved to be almost en- 
tirely silt and clay, with a negligible 
amount of sand. This sample was taken 
in 250 fathoms at the point where the 
twin valleys join and was on a more 
gentle slope than the deep sample to the 
west. From these two deep dredge hauls, 
showing less sand at 200 and practically 
no sand at 250 fathoms, the depth distri- 
bution of the ‘olive gray find sand and 
silt’”” may be fixed approximately at 200 
fathoms. 

Textural variations in the ‘‘fine sand 
to coarse silt’’ are notable. In the area 
along the south side of the breakwater, 
it is considerably less well sorted and, in 
general, has a larger median diameter 
than it does on the outer shelf. Local con- 
centrations of medium and coarse sand 
add to the complexity of the belt south 
of the breakwater. Two of these zones of 
coarser material were found, one just 
east of the San Pedro entrance, and the 
other a mile southwest of the Long Beach 
breakwater entrance. 

Considerably less biotite is present in 
the “‘fine sand to coarse silt” than in the 
‘very fine sand to clay” inside the break- 
water. Quartz and feldspar are the most 
common minerals, followed by biotite 
and hornblende. Very few subrounded 
grains are present and the material has a 
fresh appearance. 

“Olive gray very fine sand’’: There are 
two areas of ‘‘olive gray very fine sand” 
which together make up about 25 per 
cent of the area studied. Texturally, these 
sands are unique in that they contain on 
the average more than 80 per cent very 
fine sand (fig. 5E). 

The “‘very fine sands’’ consist largely of 
quartz and feldspar and contain more 
hornblende than biotite. The grains are 
angular in shape and show no rounding or 
frosting. 

“Olive gray medium and fine sand’’: 
Two areas covered by “olive gray me- 
dium and fine sand’”’ make up about 18 
per cent of the whole sampled area. The 
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ratio of medium to fine sand in these 
zones is somewhat erratic, but on the 
average a greater amount of fine sand is 
present (fig. 5C). 

Mineralogically, ‘‘the medium and fine 
sands” most resemble the sand fraction 
of the finer material within the break- 
water, in that some rounded grains are 
present and there is more biotite than in 
the very fine sand. 

“Vellowish brown coarse to fine sand’’: 
Most unusual among the sediment types 
is the ‘‘yellowish brown coarse to fine 
sand’’ which constitutes the surface layer 
of about 5 per cent of the area. Unlike the 
other sediment types, the brown sand is 
restricted to only one area on the west 
central shelf where it overlies Miocene 
shale and limestone and is surrounded by 
the “olive gray medium and fine sands.”’ 
Little gradation occurs between the gray 
and brown sand, and the contact is quite 
sharp at most localities. A mixture of the 
two sediment types was found only at 
four sample stations and these were on 
the down-current side of the brown sand 
area. A similar brown sand was noted by 
Emery, Butcher, Gould, and Shepard 
(1952) in the San Diego area. 

In addition to the striking color con- 
trast which the ‘‘yellowish brown coarse 
to fine sand’”’ presents to the other sedi- 
ments it is also unique in grain size, com- 
position, shape of grains, and fossil con- 
tent. The sand has a composition con- 
sisting largely of quartz, feldspar, and 
limestone and shell fragments. Biotite 
appears to make up only a very small 
fraction of the sample as does hornblende. 
Many of the individual grains are pol- 
ished and smooth, but etching appears on 
the surface of some of the limestone 
grains. Subround and subangular grains 
are more abundant than in any of the 
other sediment types. The yellowish 
brown color is in part caused by the 
many grains of brownish yellow lime- 
stone. Iron-stained quartz and feldspar 
grains also add to the distinctive coloring. 
Locally the sand is considerably lighter 
in color as the result of concentrations of 
mollusk shell fragments, foraminiferal 
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tests, and other shell remains. Although 
the sand is variable in grain size because 
of local abundance of granules, rock and 
shell fragments, its average size distribu- 
tion shows a modal group within the 
medium sand range (fig. 5B), and a 
median diameter which establishes it as 
the coarsest of the shelf sediments. 

Pebble size rock fragments were ob- 
tained from nine of the seventeen samples 
of “yellowish brown coarse to fine sand.” 
These fragments were included in the dis- 
cussion of rock samples. In view of this 
anomalous occurrence of pebbles along 
with the several other features which 
serve to differentiate it from the remain- 
ing sediment types of the shelf, it seems 
necessary to assign this brown sand to a 
period of sedimentation other than that 
which is now in progress. In this respect, 
the foraminiferal content of the sand is 
significant. Samples of the sand from 17 
localities were examined for foraminifera 
by R. W. Crouch. Of the 17 samples, 11 
were found to contain Pleistocene fauna, 
and 6 contained Pleistocene and Pliocene 
species. Only one sample outside of the 
yellowish brown sand contained Pleisto- 
cene Foraminifera, and this was located 
directly adjacent to the area of brown 
sand. Crouch believes the fauna of the 
sands are probably Pleistocene and corre- 
lates with the Timms Point formation of 
Palos Verdes Hills. 

The previously discussed ‘‘olive gray 
medium to fine sand”’ occurs in a wide 
band around the ‘‘yellowish brown sand” 
and with the exception of a narrow gap 
extends to the shore on the eastern edge 
of the area. Because of its position on the 
shelf and its relative coarseness, it is not 
inconceivable that this type is relict from 
a period of more vigorous water circu- 
lation. 


Texture of Sediments 


Grain Size: The size of a sediment at 
any given locality is generally the result 
of one, or a combination of several basic 
factors. These are: (1) distance from 
shore or source of supply, (2) depth of 
water, (3) topography of the bottom, and 
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(4) configuration of the coastline, all of 
which ultimately control the effective- 
ness of currents and waves as distributing 
agents. At San Pedro Bay, man-made 
structures strongly influence coastal con- 
figuration. 

An attempt to reconcile the sediment 
distribution on the San Pedro Shelf to the 
factors influencing grain size reveals 
some interesting characteristics. 

(1) The distance from shore has no ap- 
parent effect, when all of the sediments 
are considered, as the grain size of the 
sediments on the relatively flat shelf 
shows no uniform change with increasing 
distance seaward. 

(2) The depth of the water affects 
grain size only when considerable depth 
variations exist, or where other factors 
are not important. Sands on the eastern 
edge of the shelf show a small change in 
size as depth increases, but at all other 
shelf localities the median diameters vary 
considerably at any given depth, and 
show no diagnostic change with depth. 
Great increases in depth such as occur 
from the shelf to a point some distance 
down the slope evidently play a part in 
determining size. A decrease of 49 mi- 
crons in median diameter occurs between 
the 25 and 250 fathom contours on the 
eastern edge of the area. 

(3) Topography of the bottom is a dif- 
ficult factor to analyze in the area of dis- 
cussion. Large topographic features such 
as the San Pedro Sea Valley undoubtedly 
affect sediment size distribution insofar 
as they deflect waves and currents. The 
small gentle topographic rises and de- 
pressions on the central shelf do not ap- 
pear to affect grain size: probably be- 
cause of the residual material at that 
locality. 

(4) The configuration of the coast has 
a considerable effect on grain size distri- 
bution at San Pedro Bay. Old charts, pre- 
pared before the construction of the 
Federal Breakwater, show kelp and rocky 
bottom in the area east of Point Fermin, 
and south of the Los Angeles inner harbor 
entrance. Further inshore, the charts 
show silt and fine sand, which indicated 
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that the southeasterly flowing currents 
were not able to reach far inshore but 
were quite strong at the deeper rocky 
localities. At the present time, the regime 
of the currents is strongly affected by the 
long breakwater, and the old rocky areas 
are now covered with fine material, both 
inside the breakwater and directly ad- 
jacent to it on the seaward side. Evi- 
dently, the only active currents within 
the area protected by the breakwater are 
the northwest flowing longshore currents 
which enter at the wide gap south of 
Alamitos Bay. As a result the finest ma- 
terials of the whole San Pedro Shelf and 
Escarpment are found in the central part 
of the area protected by the breakwater. 

Of the four basic factors above, coastal 
configuration stands as the most domi- 
nant control of waves and currents and 
hence of grain size distribution. The ef- 
fects of both distance from shore and 
depth of water are minimized by this one 
factor. In addition, the occurrence of the 
large area of residual yellowish brown 
sand on the central shelf tends to mask 
the effects of all of the factors and results 
in a more random grain size distribution 
(Emery, 1952). 

Sorting: Sorting coefficients of the 75 
analyzed samples showed a considerable 
variation. The units of sorting were cal- 
culated in terms of phi quartile deviation, 
which has the advantage of allowing a 
direct comparison of samples in terms of 
the number of Wentworth grades sepa- 
rating the quartiles (Krumbein and 
Pettijohn, 1938, pp. 232-235). 

In order to evaluate the results of the 
computations, an isopleth map of sedi- 
ment sorting was prepared (fig. 7). The 
division between average sorted and well 
sorted sediments is on the basis of values 
obtained by Trask. In addition, very well 
sorted sediments were arbitrarily sepa- 
rated as those having 0.50 or less of a 
Wentworth grade between the quartiles. 

The isopleth map clearly shows the 
effect of the breakwater in regulating 
water movement and hence sorting. 
Poorest sorting is found inside the break- 
water in the area of finest sediments 


SUBMARINE GEOLOGY OF SAN PEDRO SHELF 


177 


where current action is probably spo- 
radic, or lacking. Longshore currents 
which enter the protected area from the 
southeast have formed a tongue of well 
sorted materials extending northwest al- 
most to the mouth of the Los Angeles 
River. The longshore currents enter the 
area through the wide gap between the 
shore and the east end of the breakwater 
and because of this gap the sediments in 
the east end of the area north of the 
breakwater are generally better sorted 
than those in the west. Seaward and 
within 2 miles of the breakwater on the 
western shelf there is a rather rapid 
change in sorting, but on the shelf beyond 
sorting is essentially constant. The sedi- 
ments just outside the breakwater are 
from one-half to one-sixth as well sorted 
as those farther out on the shelf. The 
explanation of this may be that fine ma- 
terial has recently been dredged from in- 
side the breakwater and used to build up 
the beach just east of Point Fermin. This 
fine material probably is being removed 
from the beach by wave action and in- 
corporated into the existing coarser 
sediments. 

Skewness: The phi skewness of each of 
the analyzed samples was plotted, and a 
rather complex pattern of skewness re- 
sulted. Certain general trends, however, 
are evident (fig. 8). The most obvious 
trend is that in nearly all of the sedi- 
ments within the breakwater the mean 
of the quartiles lies on the fine side of the 
median diameter. In other words, the 
mode, or point of maximum sorting, is 
coarser than the median diameter. This 
condition may be the result of fine silt 
and clay sized particles settling to the 
bottom in the quiet water which prevails 
in the outer harbor during much of the 
year. Occasionally when sufficiently 
strong waves and currents are generated, 
coarse silt and sand may be moved from 
the beaches, or during heavy rains coarse 
terrestrial material may be introduced. 
These larger particles, however, settle out 
according to their size and the velocity of 
the currents in such a way that at any 
given locality there is a greater concen- 
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Fic. 7.—Isopleth map of sediment sorting. 


tration of material of essentially one size. 
Sediments with positive phi skewness are 
also found just outside of the breakwater 
in the western part of the area. It is ques- 
tionable, however, that the above ex- 


planation for the positive skewness would 
be applicable to this area, since no re- 
strictions on water movements are pres- 
ent. 

Figure 8 also shows that most of the 
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sediments on the shelf area, seaward of 
the breakwater, have negligible skewness. 
The exceptions are two areas of negative 
skewness; one along the eastern edge of 
the area adjacent to the unprotected 


Fic. 8—Skewness of sediments. 


beaches, and the other on the central 
shelf in the vicinity of the coarsest shelf 
sediments. The negative phi skewness 
indicates that the modal size group lies to 
the fine side of the median diameter. In 
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the case of the sediments adjacent to the 
beach, this distribution could be brought 
about by the nearness of the large supply 
of relatively coarse sands which form the 
beaches along this segment of coast. A 
similar situation prevails at the central 
shelf locality where very coarse to coarse 
sands and shell fragments may be shifted 
into a deposit of normally finer material. 


CONCLUSIONS 
Significance of Bedrock Exposures 


Exposures of middle Miocene, late 
Miocene, and early Pliocene bedrock are 
found flanked by unconsolidated sedi- 
ments at widely scattered localities on 
San Pedro Shelf and Escarpment. This 
widespread distribution of outcrops on 
the seafloor indicates the presence of an 
unconformity which is now only partially 
covered with a relatively thin layer of 
late Pleistocene to Recent sediments. 

In general the rocks of the shelf and its 
bordering escarpment appear to be essen- 
tially the same in lithology and sequence 
as those forming the structural highland 
of the Palos Verdes Hills on the coast 
northwest of the shelf. The ages together 
with the localities and depths from which 
some of the rocks were collected suggest a 
southeastward trending anticlinal sub- 
marine extension of the structural unit of 
the Palos Verdes Hills. Middle Miocene 
rocks crop out at depths of from 60-80 
feet on the central shelf, whereas early 
Pliocene exposures occur at depths of 
about 1,200 feet on the slope at the 
southern boundary of the area. Oil wells 
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on Terminal Island just north of the area, 
are drilled in the south flank of the Wil- 
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Pliocene to be at depths of over 2,500 
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relates well with known current patterns. 
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water within the outer harbor. 
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ABSTRACT 


Snapper and dredge type samples taken in water depths of two to ninety fathoms off San 
Pedro Harbor, San Pedro, California, have been examined and the Foraminifera charted. The 
Fcraminifera encountered were Recent and fossil. Particular attention was focused on the age 
of the yellowish-brown sand from the west central portion of the San Pedro shelf. From this 
and other investigations, the ecology of the Timms Point formation (Pleistocene) was de- 


termined. 


INTRODUCTION 


A great many reworked Foraminifera 
have been observed from time to time in 
the Recent sediments along the southern 
California coast. They are detrital prod- 
ucts from the erosion of Miocene, Plio- 
cene and Pleistocene strata which crop 
out on the sea floor as well as along the 
adjacent coast. Similarly, reworked For- 
aminifera of Pliocene and Miocene ages 
are present in Pleistocene strata exposed 
along the adjacent coast. The separation 
of these reworked forms from the in- 
digenous faunas in sediments is, there- 
fore, a fairly common problem along the 
coast of southern California. The most 
useful method for this separation is an 
understanding of the ecologic conditions 
of the Foraminifera involved and their 
stratigraphic limitation in fossil sections. 
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METHOD OF STUDY 


Numerous outcrops in the San Pedro 
area were sampled in order to gain a bet- 


ter interpretation of the Foraminifera 
encountered offshore. Many samples 
were studied from the Pleistocene and 
Lower Pliocene of the Lomita Quarry, 
Lomita, California and from the Pleisto- 
cene exposures near and around Second 
and Beacon Streets in the city of San 
Pedro. Large quantities of material from 
the Timms Point formation (Pleistocene) 
were examined. In addition, samples were 
obtained from the Miocene cliffs sur- 
rounding the northwestern portion of 
San Pedro Harbor in the vicinity of 
Cabrillo Beach. 

A heavy liquid was used to separate the 
Foraminifera from the sediment. How- 
ever, it was necessary to examine heavy 
fractions as well as light fractions, be- 
cause of the abundance of calcite-filled 
tests of the Foraminifera. 

The scope of this paper prevents the 
use of photographic reproductions of 
identified Foraminifera. However, many 
of the foraminiferal assemblages are well 
known to most workers, and illustrations 
are available in publications concerning 
this general area. 


REWORKED AND REDEPOSITED 
FORAMINIFERA 


It is necessary to mention some of the 
criteria for the recognition of reworked 
and redeposited Foraminifera in the Up- 
per Tertiary of the southern California 
region. Recognition of reworked species 


q 


is a common problem to paleontologists 
working in the Miocene and Pliocene of 
the Ventura and Los Angeles Basins. 
Reworked Foraminifera have been cited 
by Natland (1951) from the Ventura 
Basin and by Crouch (1952) from off 
the southern California coast. A few 
authors have unknowingly figured re- 
worked species in the loca! literature. 

This condition is by no means confined 
to the southern California area. Mr. C. A. 
Aves (personal communication) of the 
Gulf Oil Corporation has recently found 
a number of fusilinids in well cuttings 
obtained from wells drilled in the coastal 
area of Louisiana. The interval in which 
they were detected is either Pleistocene 
or very young Pliocene. Few paleontolo- 
gists would deny that these forms were 
reworked from older sediments. Gumbe- 
lina and Globotruncana genera have also 
been observed in many samples from the 
Pleistocene of the upper section of the 
Gulf coast. Here again few workers would 
refute the theory of reworking. It can be 
stated that when fossils are found which 
indicate ages far removed geologically 
from the parent sediment, the Foraminif- 
era are certainly reworked. The diffi- 
culty lies in distinguishing reworked 
species in sediments that are closely re- 
lated in time and ecologic conditions. 

In order to solve this problem it is 
necessary to have a good understanding 
of the ecology of the Foraminifera in- 
volved. When a few cold or deep water 
Foraminifera are found mixed with an 
abundance of warm or shallow-water 
forms, the former species are most cer- 
tainly reworked. However, when shallow 
water species are found associated with 
an abundance of deep-water forms, the 
possibilities are two fold. The shallow- 
water species could either have been re- 
deposited or reworked. With no addi- 
tional criteria, the ecologic significance 
would be that the shallow water species 
are not in place. The shallow water 
species may be known, at least locally, to 
be restricted to much older sediments and 
therefore reworked. Some species are 
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more or less restricted to a mud, sand, or 
calcareous bottom. When species from 
these conditions are found mixed to- 
gether, either reworking or redeposition 
is indicated. Ecologic groups are often re- 
worked and redeposited with unrelated 
indigenous faunas. Sometimes they are 
reworked or redeposited into similar eco- 
logic groups. When this occurs it is dif- 
ficult to separate the species in place 
from the transported specimens. Evolu- 
tionary changes in the various species 
may help detect the mis-placed faunas 
especially where there has been a large 
time lapse between the two groups. It is 
also very important to recognize species 
that died out in a recognizable strati- 
graphic interval. These species make very 
useful markers when it is known with 
certainty that changes in ecology are not 
responsible for their non-appearance. 
For example, in the Los Angeles Basin, 
Bolwina pisiciformis, Bulimina subcalva, 
““Cibicides”’ repettoensis and Karreriell1 
milleri are some of the species that are 
known not to have lived higher in the 
section than the deep water lower Plio- 
cene (about 700 fathoms). These are then 
considered to be good marker Foraminif- 
era for the deep water lower Pliocene of 
the Los Angeles Basin. However, should 
drilling permit examination of the deep 
water middle and upper Pliocene and 
Pleistocene sediments that are certainly 
present in one of the offshore basins, it 
may be found that one or all of these 
species lived long after lower Pliocene 
time. 

It is important to know when to expect 
reworked Foraminifera. Field evidence 
may help in predicting areas where re- 
worked and redeposited Foraminifera 
might be expected. Structurally de- 
pressed areas adjacent to uplifted strata 
and subsequently exposed to erosion 
would be likely areas of reworking. Good 
examples of such areas are the upper 
section of the Ventura Basin (Natland, 
1951) and the upper sections near the 
uplift of the southeast margin of the Los 
Angeles Basin. Reworked species are 
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Fic. 1—Sample location chart. 


commonly found in the overlying beds 
associated with unconformities. For ex- 
ample Nonion pompilioides and other 
very deep water forms are found in the 
‘lower bed” (Galloway and Wissler, 
1927) of the Lomita Quarry. Sands de- 
posited in deep water commonly have re- 
worked or redeposited species associated 
with their usual deep water assemblage. 
Turbidity currents are suggested as the 
depositional agent in this case. From the 
author’s experience in working with the 
sediments of the upper Tertiary of the 


San Joaquin, Ventura and Los Angeles 
areas and the coastal regions of the Gulf 
coast, sand beds appear to be notorious 
for containing reworked species. This 
fact is attributed to the environment be- 
fore the final deposition of these sand 
beds. 


ECOLOGY 


Ecologic data derived from studying 
samples taken from the sea bottom im- 
mediately off the adjacent coast (fig. 1) 
is considered the most useful for inter- 
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preting nearby young Tertiary rocks. 
This is further shown by geographic 
changes in Recent faunas. For example, 
the Recent foraminiferal biotic zones off 
the southern California coast are known 
to change markedly in traverses taken 
between San Diego and Panama. It, 
therefore, follows that if ecologic inter- 
pretation of Panamanian Tertiary rocks 
is desired, sample suites should be taken 
directly off Panama. 

Temperature may be an important eco- 
logic factor off the southern California 
coast but is of little importance off north- 
ern California, Oregon, or Panama. The 
Foraminifera Pullenia bulloides and Non- 
ion pompilioides are found in water tem- 
peratures of near 3° C. and in open ocean 
depths of about 4,500 feet off southern 
California. However, in the Gulf of 
Mexico, Phleger and Parker (1951) re- 
port these species in much warmer water 


and in depths of 200 and 3,000 feet. 


GENERAL STRATIGRAPHY 
Miocene 


Three members of the Monterey for- 
mation crop out in the vicinity of the 
San Pedro shelf. One of the nearest ex- 
posed areas is along the western shore of 
the Los Angeles Harbor. The members 
are the Altamira shale, Valmonte diato- 
mite, and the Malaga mudstone. The 
Altamira shale has been separated into 
upper, middle and lower foraminiferal 
zones by Kleinpell (1936). The lower 
zone has been designated by Kleinpell 
(1938) as equivalent to the upper Relizian 
stage. The Valmonte diatomite was as- 
signed to the Luisian and lower Mohnian 
stages. The Malaga mudstone was as- 
signed to the lower Delmontian stage. 
The Malaga mudstone was the only 
recognized member sampled on the San 
Pedro shelf. It is represented by an un- 
contaminated sample and four additional 
samples that contain marker Foraminif- 
era of the Delmontian stage. 

The ecology of the Foraminifera from 
the upper Miocene (Delmontian) of the 
Los Angeles Basin is very similar to that 
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of the overlying lower Pliocene (Repetto) 
fauna. They are separated by Forami- 
nifera mainly on the recognition of Uvi- 
gerina hootst Rankin and ‘‘Rotalia”’ gar- 
veyensis Natland. Of the two species the 
latter is the most reliable. Radiolaria are 
very common in the Malaga mudstone 
as well as a large number of diatoms. 
These fossils are rarely found in the lower 
Pliocene sediments of the local area and, 
therefore, are useful in separating the 
Malaga mudstone from the overlying 
lower Pliocene sediments. 

After sampling the environments of 
similar foraminiferal assemblages off the 
southern California coast, Crouch (1952) 
speculated on the ecology of the lower 
Pliocene Repetto faunas of the Los 
Angeles Basin. Because the species in the 
Malaga mudstone are so similar to the 
lower and middle Pliocene, it is thought 
safe to apply this knowledge of offshore 
ecologies to both units. Kleinpell (1936) 
has placed the deposition of the Malaga 
mudstone at around 500 fathoms or 
deeper. From his list of species and the 
check list of Malaga species sampled 
from shore localities, it would appear 
that his figure is close to the one arrived 
at by Crouch (1952) for the middle Plio- 
cene sediments. In the latter paper evi- 
dence was presented which implied that 
temperature has more effect than other 
existing conditions offshore in relation to 
cool, deep water faunas. It is concluded, 
therefore, that Kleinpell’s depth for the 
Malaga mudstone should be restricted to 
open ocean conditions, as temperatures 
have been proven to be isothermal in the 
offshore basins by Emery and Rittenburg 
(1952). Elsewhere in the Delmontian 
sediments of the Los Angeles basin the 
faunas appear to be indicative of colder, 
deeper water. However, relatively few 
samples containing abundant faunas 
have been studied from the Malaga 
member. The species Bulimina cf. B. in- 
flata is the only species that would in- 
dicate that the Malaga mudstone was de- 
posited in water temperatures as low as 


and depths as deep as the lower Pliocene 
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(Repetto). No Foraminifera character- 
istic of the biotic zone T6 (Crouch, 1952) 
that are also indicative markers in 
Repetto sediments have been reported 
from the Malaga mudstone. 


Pliocene 


It is believed that the only Pliocene 
sediments in the immediate area of the 
San Pedro shelf are of lower Pliocene 
(Repetto) age. The only surface exposure 
in the vicinity is located at Lomita 
Quarry, Lomita, California. 

One uncontaminated lower Pliocene 
sample was examined from the San 
Pedro shelf. This sample contained a 
similar if not identical fauna to the one 
found in the lower Pliocene beds of the 
Lomita Quarry. Both faunas should be 
assigned to zone 5 of Wissler (1940). This 
zone is equivalent to the middle portion 
of the lower Pliocene of the Los Angeles 
Basin. 

Offshore sample analysis by Crouch 
(1952) indicates that the above faunas 
were indicative of cold, deep water. A 
minimum temperature near 3° C. and a 
minimum open ocean depth of nearly 
4,500 feet would be necessary. 


Pleistocene 


At Lomita Quarry Pleistocene beds 
rest unconformably upon lower Pliocene 
(Repetto) sediments. (For a full litho- 
logic description see Woodring, Bram- 
lette, Kew, 1936.) These highly fossilifer- 
ous beds contain large numbers of For- 
aminifera and Ostracoda indicative of 
shallow water. The foraminiferal as- 
semblage is strikingly similar to that 
found by Natland (1933) off the lee side 
of Santa Catalina Island. This type of 
environment accounts for the large ratio 
of organic calcium carbonate to clastic 
sediment because the lee side of the 
island is an area of little clastic deposi- 
tion. Numerous samples were collected 
from the Lomita Quarry and a number of 
deep water reworked lower Pliocene and 
a few Miocene Foraminifera were noted. 
This was particularly true in the ‘lower 


bed” (Galloway and Wissler, 1927). 
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These marl beds represent a local calcare- 
ous facies of the Pleistocene and are un- 
conformably overlain by unfossiliferous 
sands. Elsewhere the marl beds are over- 
lain by the Timms Point formation. 

The Timms Point formation was er- 
roneously reported to be Pliocene in age 
by Cushman and Gray (1948). Many re- 
worked upper Miocene (Delmontian) and 
lower Pliocene (Repetto) species were ob- 
served in material from the locality. 
Mohnian marker species were also figured 
by Cushman and Gray. This undoubtedly 
added to the confusion about the age and 
depositional environment of the Timms 
Point formation. The following species 
are figured by Cushman and Gray (1948) 
and are marker Foraminifera for the 
Miocene (Mohnian): Bolivina girardensis 
and Bolivina hootsi; from the Miocene 
(Delmontian), Uvigerina subperegrina 
and Uvigerina hootsi; from the lower Pli- 
ocene, Plectofrondicularia californica, 
Bulimina subcalva and ‘‘Ellipsonodo- 
saria”’ sagrinensis, also a species listed as 
Bolivina spissa (pl. 5, fig. 45) which may 
be Bolivina pisciformis. Incompatible 
ecologically with most of the species are 
Bulimina fossa, Virgulina nodosa, Boli- 
vina subadvena, Planulina wellerstorfi, 
Ehrenbergina bradyi, and perhaps Boli- 
vina spissa, which may be listed errone- 
ously as Bolivina acuminata Natland on 
plate 5, figure 46. These species were re- 
worked from the lower Pliocene. 

Charting the relative abundance ~‘ the 
Foraminifera and Ostracoda present in 
the Timms Point formation is the best 
way to ascertain the depositional en- 
vironment of these beds. Ostracoda are 
seldom used as a microfossil tool. Off- 
shore sampling has shown that ostra- 
codes are rarely found living below a 
depth of 1,030 feet, and that they are 
found in greatest abundance above 500 
feet. In this problem ostracodes proved 
to be a reliable ecologic indicator because 
they are found in abundance in the 
Timms Point silt. In addition, the ostra- 
codes could not be reworked from the 
lower Pliocene or Miocene because they 
do not occur in these formations. This in- 
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formation together with the abundance of 
shallow water Foraminifera strongly sug- 
gests that the Timms Point formation 
was deposited in water depths between 


300 and 1,000 feet. 


FORAMINIFERA FROM THE SAN 
PEDRO SHELF 


The problem of recognizing reworked 
Foraminifera that originally lived in eco- 
logic conditions similar to that of the 
area sampled is difficult. However, 
coupled with the sedimentary evidence 
presented in the companion article by 
Moore, some determinations may be 
made. 

A little more than half of the samples 
from the San Pedro shelf contained only 
Recent Foraminifera or specimens that 
could not be singled out to be either 
foreign to the sampled ecology or had 
test differences ascribed to evolution. 
This Recent ecology, is probably best 
represented by the species Bulimina mar- 
ginata, Buliminella elegantissima, Epon- 
ides frigidus var. calidus, Elphidium spp., 
Nonionella basispinata, N. miocenica var. 
stella and Trocamina pacifica. 

Foraminifera examined from the yel- 
lowish-brown sand from the west central 
San Pedro shelf contained a high per- 
centage of calcite filled tests and others 
that were badly broken and pitted. Sam- 
ple 82 was taken in the sand but con- 
tained a sparse fauna and no diagnostic 
species and, therefore, was arbitrarily 
classified as Recent on the check list. 
Elphidium crispum was present in most 
of the samples from the yellow brown 
sand. This species is indicative of areas 
having little clastic deposition off the 
southern California coast, for example the 
lee side of Catalina Island. Sample 62 con- 
tained two specimens of Cassidulina 
spiralis. According to Natland (personal 
communication) this species has not been 
found living off the southern California 
coast, and is indicative of upper Pliocene 
and Pleistocene sediments. In addition to 
these species a few specimens belonging 
to colder deeper water were observed in 
most of the samples from the sand, These 
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Foraminifera are thought to be indicative 
of the lower Pliocene (Repetto) forma- 
tion. It is possible that they were re- 
worked into the yellow brown sand dur- 
ing its deposition as was done in the case 
of the Lomita marl and the Timms Point 
formation. It is also possible that speci- 
mens were reworked from nearby beds 
after the deposition of the sand. Cores 
taken in the area would throw some light 
on this problem. This patch of sand is 
certainly different from the surrounding 
area sediments (see companion paper) 
both lithologically and from a faunal 
standpoint. The age of the sand may be 
lower Pleistocene (Crouch, 1951; Emery, 
1952): Because the Foraminifera suggest 
a different facies rather than a more 
exact age, it is better to consider the 
sand to be undifferentiated Pleistocene. 
It is possible that it may be a more 
sandy, shallower facies of the Timms 
Point formation. 


EXPLANATION OF CHECK LIST 


The Foraminifera heading used on the 
check list (fig. 2) is arranged to show 
those species which indicate their sam- 
pled environment. The species that are 
limited or characteristic of the Pleisto- 
cene, Pliocene or Miocene assemblages 
are listed in the same manner. The sam- 
ples were divided into four groups de- 
pending on the assemblages found. It 
must be pointed out that the headings 
are arbitrarily constructed to limit their 
number, except for the Recent grouping 
and samples 2033 and 134, all of which 
contained uncontaminated faunas. It 
would be quite possible to have any and 
all combinations of divisions. For exam- 
ple, it is possible to have a sample con- 
taining upper Miocene, lower Pliocene, 
Pleistocene and Recent Foraminifera. In 
addition, some of the lower Pliocene and 
upper Miocene Foraminifera could have 
more than one reworked cycle, that is a 
species reworked from the lower Pliocene 
into the Pliestocene and finally into the 
Recent. Where definite markers were 
present, samples were placed under the 
oldest headings. 
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CONCLUSIONS 


The following are conclusions based on 
snapper and dredge type samples taken 
from the San Pedro shelf, as well as out- 
crop samples taken on the adjacent 
coast. 

1. Nearly one half of the sediments 
examined from the San Pedro shelf 
showed misplaced Foraminifera. These 
misplaced species are thought to be in- 
dicative of Pleistocene, lower Pliocene 
(Repetto) and upper Miocene (Delmon- 
tian) formations. 

2. Uncontaminated outcrop material 
was only rarely encountered in dredge 
and snapper samples even though the 


area is littered with misplaced species. 

3. The yellowish-brown sand from the 
west central San Pedro shelf contained a 
fauna representing a facies not in agree- 
ment with the samples from the rest of 
the shelf. Both sediments and fauna in- 
dicate a probable Pleistocene age for the 
sand. 

4. The Timms Point formation con- 
tains reworked Foraminifera from three 
distinct ecologic zones and from three dif- 
ferent ages. 

5. An ecologic interpretation based 
upon the abundance of Foraminifera and 
Ostracoda indicates that the Timms 
Point formation was deposited in water 
depths near 300 to 1,000 feet. 
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SURFACE TEXTURES OF SAND GRAINS FROM THE 
VICTORIA FALLS AREA 


GEOFFREY BOND 


Department of Geology, National Museum of Southern Rhodesia, 
Bulawayo, Southern Rhodesia 


ABSTRACT 


A technique for making dry mounts of sand grains is described. These slides can be used for 


the study of the surface textures of the grains. 


Rounded aeolian quartz grains from the Kalahari Sands are found to have frosted surfaces, 
but after these grains have travelled a few miles in the Zambezi River above the Victoria Falls 
this surface texture has been altered to a glassy polish. It is suggested that surface textures may 


give reliable evidence on the mode of transport and deposition in certain cases. 


The appearance of a sedimentary par- 
ticle depends upon its shape and surface 
texture, by which term is meant, accord- 
ing to Pettijohn (1949), ‘‘the minor fea- 
tures of the grain surface independent of 
size, shape or roundness.’’ Shape has re- 
ceived a great deal of attention from 
sedimentologists, but surface textures 
seem to have been much less intensively 
studied. Pettijohn (1949, p. 58) con- 
cluded his brief review by writing: 

“As is evident from the foregoing 
summary, our knowledge of the surface 
characters of sedimentary grains is in- 
complete and inexact. . . . The interpre- 
tation is still less satisfactory and more 
experimental and observational data are 
needed before a satisfactory understand- 
ing will be achieved.” 

To change the shape of a sand-size par- 
ticle may require a very long period of 
transport, but to change its surface 
texture probably requires only a compar- 
atively short journey. In any case, the 
general tendency is for quartz grains to 
become progressively more rounded with 
age and travel. Shape, therefore, may 
give little information on the later history 
of a particle or of its mode of deposition 
in a sediment. Both shape and surface 
texture may be inherited from a previous 
cycle, but since surface texture is deli- 
cate, and therefore much more easily 
modified, the last stage of a particle’s 


journey might be read from this feature 
whereas the shape merely recorded its 
youth or age. 

Changes in surface characters could, 
no doubt, be studied by carefully con- 
trolled experiments in the laboratory, but 
such a procedure could be criticized as 
being on a small scale and therefore un- 
natural. On the other hand field studies 
on deserts, beaches, dunes, and rivers, 
usually involve so many variable and un- 
controllable factors that a clear under- 
standing of the effect of any one process 
is difficult to achieve. The unsatisfactory 
state of knowledge of surface textures 
became obvious to the writer during 
work on certain Tertiary and Quaternary 
sands in various parts of Southern Africa. 
In the case of the early ‘‘Kalahari” type 
sands of Southern Rhodesia the field evi- 
dence seems quite conclusively to prove 
that this sand was transported and 
deposited by prolonged aeolian action. 
There are numerous other sands, such as 
those of the Vaal river, the long ‘‘Red 
Dune”’ on the coast of Portuguese East 
Africa and South Africa, and various 
sands in the Zambezi Valley and Bechn- 
analand, which closely resemble ‘‘Kala- 
hari’ sand but can be dated by archaeo- 
logical means as Pleistocene. Owing to 
their close similarity to the aeolian 
Kalahari-type sands, there has been a 
tendency to regard them all as aeolian, 
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and to postulate dry phases of climate 
during which they were blown about be- 
fore coming to rest covering implemen- 
tiferous horizons. In some cases these 
sands were obviously derived from the 
earlier aeolian Kalahari sands and since 
the grains in these are already well 
rounded, the short distances that the de- 
rived sands travelled could not be ex- 
pected to modify the shape of the grains, 
or even reduce their dimensions appreci- 
ably. The only clue in deciding whether 
such sands had been blown, or laid down 
in water by the rivers, seemed to lie in 
the surface textures of the grains. Com- 
parison between the early aeolian Kala- 
hari sand and ihe recent sands of the 
Zambezi river disclosed contrasted sur- 
face textures and these observations were 
applied to the Quaternary sands around 
the Victoria Falls. The results of this 
study are of local importance only, but 
the observations which made them possi- 
ble seem to be of more general interest. 
Around the Victoria Falls in the Zam- 
bezi Valley the unusual simplicity of the 
local geology has reduced the number of 
variable factors almost to laboratory con- 
ditions, while remaining on a full natural 
scale. For fully 200 miles upstream the 
country rocks are Upper Karroo Basalts 
which yield practically no quartz sand 
on weathering, apart from a minute 
quantity from vesicles filled with agate 
and quartz crystals. The river runs in a 
shallow valley cut into the basalt surface. 
It is flanked at distances up to about 5 
miles by scarps of loose Kalahari sand, 
which reaches a maximum thickness of 
about 200 feet. This is, therefore, prac- 
tically the only sand-grade sediment 
which can be washed into the Zambezi or 
its tributaries. The great sediment trap 
of the Chobe-Zambezi swamps prevents 
any coarse material in the upper river 
from reaching the stretch of the Zambezi 
below the basalt bar at Kazangula, 40 
miles upstream from the Victoria Falls. 
The parentage of all the sand in this sec- 
tion of the river during the Quaternary is, 
therefore, known beyond all reasonable 
doubt to be the aeolian Kalahari sand. 
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The size, shape, and surface textures of 
the sand fed into the Zambezi in this 
reach have been as carefully controlled as 
in a laboratory experiment, and changes 
in surface textures can be studied without 
too many variable factors. 

The surfaces of clean dry sand grains 
lying in the size range 0.5-1.0 mm have 
been examined from specimens of the 
various ‘‘Kalahari’’ sands near the Vic- 
toria Falls and elsewhere. Samples were 
taken from the sand islands in the Zam- 
bezi above the Victoria Falls, and sands 
from the flood platforms in the gorge be- 
low the Falls have been compared with 
them to see if the placid conditions in the 
wide river above the 350 foot fall pro- 
duced different effects from the violently 
turbulent waters below. The writer is in- 
debted to Dr. J. Desmond Clark of the 
Rhodes-Livingstone Museum for supply- 
ing some of the samples; the remainder 
were collected during various visits to the 
area. 


TREATMENT OF SAMPLES 


All but the recent Zambezi sands are 
reddened to a varying degree by iron 
oxide. All samples, red or otherwise, were 
treated alike. They were first boiled with 
50% HCl to remove iron oxides and leave 
clean grain surfaces. Since the finer frac- 
tions were not of particular interest at 
this stage, they were panned off while 
washing out the acid, and the samples 
dried. The normal method of mounting 
permanent slides in Canada balsam is 
useless when studying surface textures, 
since the balsam obscures the fine mark- 
ings. The grains must be dry, and in con- 
tact with air. Loose grains are difficult to 
handle and examine under the micro- 
scope and the following method of mak- 
ing dry mounts was found to be very 
satisfactory. The writer has not come 
across it before, but it is very quick; the 
resulting slides are easily handled and 
seem to be at least semi-permanent. 

The sample is decanted into a large 
watch glass and by gently tapping one 
side a rough grading by size of particles 
is produced. A length of sticky cello). nane 
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tape (about 24” long and 3” or more wide 
is best) is then dipped into the sample. 
A single layer of grains from the graded 
sample is thus picked up. The tape is 
then stretched tightly across a 3”X1” 
glass slide and the free ends pressed 
down. It adheres well to the glass and the 
grains are imprisoned between the tape 
and the glass. The slide is examined by 
reflected light through the glass (i.e. ‘“‘up- 
side down’’), with the cellophane on the 
stage of the microscope. The surfaces of 
the grains can thus be seen free from any 
mounting medium, and individual grains 
or fields can be marked with ink rings if 
necessary. A binocular microscope of the 
ordinary zoological type is very satisfac- 
tory because of its depth of focus. 


THE ‘‘KALAHARI’”’ SAND OF THE 
ZAMBEZI VALLEY 


This term has led to much confusion, 
but is restricted here to the sands forming 
the main scarps of the valley, and which 
predate the appearance of tool making 
man in the area. The first impression 
gained from slides of these sands and 
from others taken from interfluves nearer 
the Southern Rhodesian watershed, is 
that the grains are milky and opaque. 
High power shows that the grains are 
frosted. This texture is made up of a 
meshwork of minute scratches and small 
pits. The milky opacity of the dry grains 
is caused by the scattering of light by the 
surface markings. It is only possible to 
see through the surface in a very small 
proportion of the grains. The sand con- 
tains a high proportion of well rounded 
grains of millet seed type which are uni- 
versally seen in slides from the oldest 
Kalahari sands in this part of Africa. 
Some of the less perfectly rounded grains 
show fluted surfaces and others are like 
miniature dreikanter, but all are frosted. 
This kind of surface texture has been 
considered to be typical of aeolian trans- 
port and together with the field evidence 
shows conclusively that this type of 
Kalahari sand is wind-blown. The ap- 
pearance of the grains is shown in fig. 1. 
It has been suggested that a frosted 
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Fic. 1.—Grains with frosted surfaces, frorn 
the aeolian Kalakari sand. X44. 


surface may indicate incipient secondary 
enlargement or solution etching, but it 
seems unlikely that either of these proc- 
esses could have operated in this case, 
particularly as such widely scattered 
samples all show the same surface mark- 
ings. 


THE ZAMBEZI SANDS ABOVE THE LIP 
OF THE VICTORIA FALLS 


It has been shown above that the only 
source of sand in bulk which can get into 
the Zambezi is the Kalahari sand. The 
size, shape and frosted surface texture of 
this sand are also assured at the time of 
entry into the present river. 

Various samples of recent Zambezi 
sands have been examined and without 
exception they show a marked contrast 
with the Kalahari parent sand. The 
grains are brilliantly smooth and _ pol- 
ished. They are transparent and glossy 
and their interiors can be examined with 
ease even in dry mounts. Occasional pits 
remain on the surface, but even these de- 
pressed parts of the surface are highly 
polished. A typical field is shown in figure 
2, and the contrast with the aeolian sand 
is at once apparent. These grains cannot 
have travelled more than about 40 miles 
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Fic. 2.—Grains with polished surfaces from 


the Zambezi River. X41. 


even if they were fed into the Zambezi by 
tributary streams. Although there are 
some rapids between Kazangula and the 
Victoria Falls, the river is mostly wide 
and placid, and much of it can be safely 
traversed in small boats. It is evident 
that even under these conditions of gentle 
transport in water a frosted surface can 
be quickly changed into a brilliantly 
smooth polish. Transport in this section 
must consist mainly of gentle rolling 
along the bottom, with very little salta- 
tion. The cushioning effect of the water 
and the buoyancy imparted by it to the 
grains must be the factors which are 
primarily reponsible for the change from 
a frosted to a polished surface. The pres- 
ence of fine silt in time of flood may or 
may not affect the process. It could con- 
ceivably act as a _ polishing powder. 
Under the more robust conditions of 
wind transport the grains are bruised and 
scratched, and the fine dust is quickly 
winnowed out. 


THE ZAMBEZI SANDS BELOW THE 
VICTORIA FALLS 


At the lip of the Victoria Falls the 
Zambezi is more than a mile wide. At the 
bottom of the Falls 350 feet below, the 
whole volume of the river is compressed 
into a narrow turbulent torrent of raging 
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water. The gorge zig-zags violently for 
many miles beyond this point and condi- 
tions above and below the falls are there- 
fore totally dissimilar. Small sandy 
beaches and sand spreads on rock plat- 
forms can be seen at low water. Some of 
these sands emit a loud noise when 
walked over, but the reasons for this are 
not clear. A particularly good example 
occurs on the left bank of the Zambezi 
between the Upper and Lower Chimamba 
rapids, about 25 miles downstream from 
the Victoria Falls, where the Mamba 
stream flows into the main river. The 
gorge is very precipitous and generally 
more than 400 feet deep and only a few 
samples have been obtained from it. 
They cannot be distinguished from the 
sands above the Falls. The grains have 
the same glassy polish and transparency. 
It was hardly to be expected that their 
shape would have been changed in the 
turbulent water of the gorge. No freshly 
fractured grains have been found and 
even their size range appears to be unal- 
tered. In this environment saltation must 
far outweigh traction during transport, 
and it seems likely that very little is done 
even to the surface textures after the sand 
grains pass the lip of the Falls. It is con- 
cluded, therefore, that a short journey in 
the placid upper river, where traction is 
dominant, is far more effective in polish- 
ing the grains, than a longer journey in 
the gorge where saltation is dominant. 

It should be emphasized that this con- 
clusion does not necessarily apply outside 
the relatively simple conditions obtaining 
in this part of the Zambezi valley, since 
the characteristics of the raw material on 
which the river has worked are unusually 
simple and well known. 

This short study does not answer the 
question whether water transport can, 
under certain conditions produce a 
frosted texture on sand grains of certain 
shapes or sizes. It does however, show 
that gentle traction under water can re- 
move frosting from rounded grains of a 
certain size range after only a short jour- 
ney whereas saltation is less effective. It 
is hoped that these observations may add 
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a little to the purely observational data 
which the quotation at the beginning of 
the paper showed to be so desirable in 
this aspect of the study of sediments. 
As stated above, the writer is indebted 
to Dr. J. Desmond Clark of the Rhodes 
Livingstone Museum in Northern Rho- 
desia for help in obtaining certain sand 
samples. He also records his thanks to 
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Professor P. Allen of Reading University 
for much helpful advice and for reading 
the manuscript, and to Dr. J. L. Hough, 
Editor of the Journal of Sedimentary 
Petrology, for references to previous 
work. To Mr. C. A. Schollum A.R.P.S. 
of Bulawayo belongs the credit for taking 
the photographs illustrating the two sur- 
face textures described. 
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THE CLAY MINERALS OF THE NEUSE RIVER SEDIMENTS'* 


CHARLES Q. BROWN anp ROY L. INGRAM 
University of North Carolina, Chapel Hill, N. C. 


ABSTRACT 


The clay fractions of 31 samples of Neuse River sediments were analyzed by x-ray diffraction 
techniques i in order to determine their clay mineral composition and to determine the diagenetic 
changes in a stream environment. Kaolinite, illite, montmorillonoids, ‘“chlorite,’’ and mixed- 
layer aggregates were identified. Kaolinite is ‘the dominant mineral but decreases downstream. 
Illite occurs sporadically throughout the length of the stream. Montmorillonoids occur in 
small amounts in the upper part of the stream. A chloritic mineral is found in the lower part 
of the stream and in the upper part of the estuary. This mineral is similar to chlorite in that it 
gives a 14 A basal spacing that does not shift with glycerol or ammonium chloride saturation 
but dissimilar in that the 14 A spacing is altered by heating at 550° C. Mixed-layer aggregates, 
possibly of illite and “chlorite,” occur throughout the length of the stream but increase down- 
stream. Material, amorphous to x-rays, is common or abundant in nearly all of the samples. It 
is probable that kaolinite and montmorillonoids are partly altered to amorphous material, 


“chlorite,” and mixed-layer aggregates. 


INTRODUCTION 


The clay fraction of 31 samples of 
Neuse River sediments were analyzed by 
x-ray diffraction techniques to determine 
their clay mineral composition and to 
study the possible diagenesis of clay 
minerals in a stream environment. Bot- 
tom and bank samples were collected 
from the headwaters of the Neuse River, 
north of Durham, North Carolina, to the 
mouth of the steam at the head of the 
estuary, at New Bern, North Carolina 
(fig. 1). 

The clay fraction of each sample was 
separated by centrifuging, saturated 
with calcium, dried, packed in 0.5 mm- 
diameter cellulose acetate tubes (Beu and 
Claussen, 1948), and x-rayed in a 114.6 
mm-diameter powder camera with a 
Hayes x-ray diffraction unit. Most of the 
samples were x-rayed with copper radia- 
tion, but some were x-rayed with iron 
radiation. The film was partly covered 
with either a nickel or manganese filter so 
that both filtered and unfiltered radia- 
tions appear on each pattern. When 


1 This study was presented as a thesis for 
the degree of Master of Science at the Univer- 
sity of North Carolina in 1953 by Charles Q. 
Brown. 


necessary glycerol-saturated, ammonium 
chloride-treated, or heat-treated samples 
were x-rayed (Brindley, 1951). 


GENERAL GEOLOGY OF THE NEUSE 
RIVER DRAINAGE BASIN 


The Neuse River begins in the Triassic 
sediments of the Durham Basin; how- 
ever, the numerous streams that flow 
into the headwaters of the Neuse drain 
Piedmont areas underlain by Pre-Cam- 
brian (?) schists and gneisses, Pre- 
Cambrian (?) or Ordovician (?) volcanic 
slates, and late Paleozoic (?) granites 
(fig. 1). After leaving the Triassic Low- 
lands, the Neuse flows across a strip of 
the Piedmont Plateau and then across 
the Coastal Plain Cretaceous, Tertiary, 
and Quaternary sediments to the Neuse 
Estuary. 

Information about the clay minerals of 
the rocks in the drainage basin of the 
Neuse is rather meager. No studies have 
been made of the clay minerals of the 
crystalline rocks of the Piedmont. IlIlite 
and montmorillonoids are the dominant 
clay minerals in the sediments of the 
Durham Triassic Basin with kaolinite 
being of secondary importance (Hooks 
and Ingram, 1953). Kaolinite is the 
dominant clay mineral of the Cretaceous 
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Tuscaloosa formation with illite, mont- 
morillonoids, and mixed-layer aggregates 
occurring in smaller amounts (Ingram, 
1953). Montmorillonoids are dominant 
in the Cretaceous Black Creek formation 
with kaolinite being of secondary im- 
portance. (Powers, 1951). The one sam- 
ple of the Cretaceous Snow Hill forma- 
tion analyzed by Powers was composed 
mainly of kaolinite with a moderate 
amount of montmorillonoids. No analy- 
ses are available of the other Coastal 
Plain formations. 

Kaolinite is the dominant clay mineral 
in the soils of the Neuse drainage area 
(McCaleb, 1953). The clays in the soils on 
the crystalline metamorphic and igneous 
rocks of the Piedmont are composed pri- 
marily of kaolinite, but gibbsite and 
vermiculite are sometimes found in these 


Fic. 1.—Geologic map of Neuse River Basin showing sampling sites. The geologic map 
was compiled and drawn by George M. Griffin 


soils. The soils on the Triassic sediments 
contain abundant kaolinite with lesser 
amounts of montmorillonoids, illite, and 
gibbsite. The clay in the soils on the up- 
per Coastal Plain are composed primarily 
of kaolinite although vermiculite and 
montmorillonoids are sometimes found. 
The more poorly-drained soils of the 
lower Coastal Plain contain less kaolinite 
and more montmorillonoids, vermiculite, 
and illite. 


RESULTS 


The results of the x-ray analyses are 
summarized in table 1. Kaolinite, illite, 
montmorillonoids, ‘‘chlorite,’’ mixed- 
layer aggregates, and material amorph- 
ous to x-rays were identified in the Neuse 
River sediments. 

Kaolinite is by far the most abundant 
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TABLE 1.—Clay minerals in Neuse River sediments 


Site Number! 1 2 3 4 5 6 7 8 9 10 11 
Downstream Distance in 
0 7 | 13 | 45 | 53 | 90'| 145-| 165°} 190 200 
= | Montmorillonoid 
= Chlorite T R 
Ow | % Amorphous 30 | 50} 70| 70} 40{| 40 
Kaolinite Re Ss S S 
| Montmorillonoid 
Su) | % Amorphous 50 | 30 | 20 30 | 40 50 40 70 80 40 
Mixed-Layer R R S 


A—abundant, C—common, S—scarce, R—rare, T—trace. 


1 See fig. 1 


and persistent clay minerals in these 
sediments. It is the dominant mineral in 
each of the samples except for those 
samples from the estuary. Apparently 
kaolinite decreases in abundance down- 
stream, but the decrease takes place in a 
very irregular manner and does not fol- 
low a smooth curve. The kaolinite from 
the head of the estuary gives a pattern 
marked by broad, fuzzy lines and the 
absence of many of the weaker lines, in- 
dicating a degraded type of kaolinite. 

Illite is present in about half of the 
samples analyzed but is never present in 
any appreciable amount. The 10 A basal 
line is always broad and fuzzy or diffuse. 
Frequently, the presence of illite is indi- 
cated by a slight peak on the high angle 
side of a 10-14 A band. 

Montmorillonoids are present in small 
amounts in a few samples in the upper 
part of the stream. 

Traces of chlorite are found in a few of 
the samples from the upper part of the 
stream. A chlorite-like mineral occurs in 
the lower part of the stream and in the 
estuary. This mineral is similar to chlor- 
ite in that it gives a 14 A diffraction line 
that does not shift with glycerol or am- 
monium chloride treatment but dissimi- 
lar in that the 14 A spacing is altered by 
heat. The 14 A line is not affected by 


heating to 200° C. At 300° C. this line is 
still present but is weaker. At tempera- 
tures of 400° C. and 550° C., the 14 A 
line is replaced by a broad 10-14 A band. 

Mixed-layer lattices of interstratified 
10 A and 14 A layers are tentatively 
identified in many of the samples, but 
because of the experimental set-up used 
it is difficult to be positive of the identi- 
fication. A low scattering angle halo is 
produced by the authors’ x-ray equip- 
ment when a blank run is made. How- 
ever, 10-14 A bands that are more 
sharply defined and have intensities 
greater than that of the halo produced by 
the blank run are interpreted as repre- 
senting mixed-layer aggregates. These 
mixed-layer aggregates are present 
through out the entire length of the 
Neuse but increase downstream. This in- 
crease is not a smooth one. 

Most of the samples contain material 
amorphous to x-rays. Many of the pat- 
terns have such intense low to moderate 
angle background fogs that it is difficult 
to observe the lines that are present. 
When the troublesome samples are 
heated in 1 N. HCl, washed, heated in 
1 N. NH,OH, washed, dried, and re- 
x-rayed, the background fog is greatly re- 
duced and many fuzzy, broad lines are 
sharpened. The material removed by 
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this treatment is probably amorphous or 
very poorly crystallized. Estimates of the 
amount of amorphous matter present 
were made by adding pulverized glass 
from microscope cover slips to the 
treated clays until the x-ray patterns 
were of the same intensities as for the 
untreated clays. The samples from the 
lower part of the stream contain the most 
amorphous material, some as much as 
75-80 per cent. 


DISCUSSION OF RESULTS 


The clay mineral composition of the 
Neuse River sediments is the result of: 
(1) sediments being washed into the 
Neuse from the rocks and soils of the 
drainage basin and (2) diagenetic changes 
in the river. The great predominance of 
kaolinite in the Neuse River sediments 
is undoubtedly due to kaolinite in the 
soils of the drainage basin being eroded 
into the river. However, several observa- 
tions infer that diagenesis is an important 
factor in explaining the composition of 
the stream clays: (1) the downstream de- 
crease in the number of different clay 
minerals, (2) the downstream decrease of 
kaolinite, (3) the degraded nature of the 
kaolinite near the mouth of the stream, 
(4) the downstream increase of amor- 
phous material, (5) the downstream in- 
crease of mixed-layer aggregates, and (6) 
the appearance of ‘‘chlorite’’ in the down- 
stream portion of the Neuse. All of these 
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changes are irregular, the changes not 
falling on a smooth curve. The irregular 
nature of these changes can be explained 
by the influence of tributary influxes and 
perhaps by sediment by-passing in the 
stream. 

The sequence of diagenesis can only be 
inferred. But because of the downstream 
decrease in kaolinite and montmoril- 
lonoid and the downstream increase in 
degraded kaolinite, amorphous material, 
mixed layer aggregates, and ‘‘chlorite,”’ 
it seems logical to assume that the kao- 
linite and montmorillonoids alter to de- 
graded kaolinite and amorphous ma- 
terial, the degraded kaolinite and amor- 
phous material, in turn, altering to 
mixed-layer aggregates and ‘“‘chlorite.” 
These changes are most noticeable near 
the mouth of the river and at the head 
of the estuary and are perhaps caused 
more by the estuarine environment than 
by the river environment. 
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HEAVY MINERALS OF THE JACKSONIAN SEDIMENTS OF 
MISSISSIPPI AND ADJACENT AREAS 


MING-SHAN SUN 
New Mexico Bureau of Mines and Mineral Resources, Socorro, New Mexico 


ABSTRACT 


The primary purpose of this study was to obtain some knowledge of the heavy-mineral 
assemblage in the Jacksonian sediments of Mississippi and adjacent parts of East Texas, 
Louisiana, and western Alabama. Sixteen non-opaque heavy minerals were found and identified. 
Two sedimentary provinces are distinguished ; the province of Mississippi and western Alabama 
to the east is characterized by the abundance of kyanite, staurolite, and the presence of epidote; 
the province of East Texas to the west is characterized by the abundance of zircon, titanite, and 
magnetite. Epidote is present in the Texas province but rather rare. Magnetite is rare in the 
eastern province, whereas ilmenite is abundant. The differences in the heavy-mineral assem- 
blage, between stratigraphic units of the Jacksonian sediments, are not conspicuous. The feasi- 
bility of using the heavy-mineral assemblage as a marker for the differentiation of stratigraphic 


units within the Jacksonian sediments is discussed. 


LABORATORY METHOD 


Sample preparation—The samrle was 
studied macroscopically with the aid of 
hand lens and dilute HCl. It was then 
crushed sufficiently on a steel plate to 
break up the lumps, but not the individ- 
ual grains. The amount of each sample 
used was determined after an estimate 
was made of grain size distribution (or on 
grain size analysis if available): 50 ml 
for coarse or very coarse sand-dominant 
samples; 100 ml for medium to fine 
sand-dominant samples; 200 ml for silt- 


dominant samples; and 400 ml for clay or - 


calcareous material-dominant samples. 
By this procedure sufficient but not too 
many heavy-mineral grains were ob- 
tained from each sample. 

Each of the samples was placed in a 
1,000 ml beaker and the mixture agitated 
vigorously. The supernatant suspension 
was decanted two minutes after the agi- 
tation. This process was repeated several 
times until most of the silt and clay ma- 
terial in the sample was removed. 

A solution of 25 per cent hydrochloric 
acid was added to tne rock sample in 
order to (a) disintegrate the remaining 
lumps of the sample; (b) dissolve all 
calcareous materials; and (c) dissolve 
any iron oxide that was present. The tall 


beaker was placed on a hot plate to 
facilitate the reaction. Then the sample 
was washed; two minutes later the super- 
natant suspension was decanted. 

A 50 per cent nitric acid solution was 
added to the sample to remove all iron 
sulphide. The sample was again washed 
and the supernatant suspension de- 
canted. Because most of the clayey ma- 
terials had been removed by previous de- 
cantation, the waiting period after the 
washing was reduced to one minute; this 
was long enough for particles larger than 
.06 mm and with a minimum specific 
density of 3.00 to settle 15 centimeters to 
the bottom of the beaker at room temper- 
ature. Those grains which were smaller 
than .06 mm were discarded. 

Heavy-mineral separation.—The heavy 
mineral separation was carried out with 
bromoform in a specially made funnel 
having a stop-cock, and walls with apex 
angle of about 40 degrees. The heavy 
fraction separated in the funnel was 
washed with alcohol for making slides, 
and the light fraction was kept for fur- 
ther study. 

Heavy-mineral slides —The heavy frac- 
tion was divided by an Otto micro- 
splitter. One part was used for making a 
slide with Canada balsam, and the rest 
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preserved for identification of minerals 
by immersion method, or for making 
duplicate slides. 

Study of heavy-mineral fraction—The 
identification of the heavy minerals was 
done under petrographic microscope sup- 
plemented by immersion method. The 
heavy-mineral slide was used for enumer- 
ating the percentage of the various heavy 
minerals in the samples by the line 
counting method of Edelman. The first 
one hundred heavy-mineral grains was 
counted along one or more lines to derive 
the percentage of opaque grains com- 
pared to the non-opaque grains. Then a 
total of one hundred non-opaque grains 
was counted and the percentage of the 
varieties of non-opaque heavy-mineral 
grains was calculated. The shifting of line 
of counting can be done on any part of 
the slide, and the percentage of the 
heavy minerals derived from counting of 
another one hundred grains differed only 
slightly from the first result. Thus, the 
counting of more than one hundred non- 
opaque grains was not necessary. 


MINERALOGY 


Sixteen non-opaque heavy minerals 
from the Eocene Jacksonian sediments 
were found and identified. They are: 

Zircon.—Euhedral, prismatic forms, 
irregularly shaped and rather rounded are 
common. Many grains have a dirty ap- 
pearance because of numerous inclusions. 
Colorless and pink varieties are most 
common; a few grains are mauve, green, 
and purple. 

Kyanite——Bladed forms (mostly paral- 
lel to 100) are frequent; they show 
pinacoidal cleavage and basal parting 
nearly at right angles. Colorless, blue, 
white, and dirty looking grains are com- 
mon. Some grains are blue at one end and 
colorless at the other. Most grains are 
angular, but some are subrounded. Some 
small kyanite grains can be easily mis- 
taken for sillimanite, but careful search- 
ing for basal parting or cleavage can re- 
duce the mistake to a minimum. 

Tourmaline-—The prismatic striation 
and strong pleochroism are distinguishing 
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characters. Color ranges from pink, yel- 
low, green, brown, to near black. 

Titanite——Some of the titanite in the 
samples is similar to zircon, but shows 
higher birefringence and strong disper- 
sion. Colorless, yellowish, and brownish 
varieties are common. 

Rutile-—Prismatic and rather rounded 
grains are common. Few show short knee- 
shaped twinning which can be recognized 
easily under crossed nicols. In reflected 
light, rutile is red or deep brown, and in 
transmitted light it is rather opaque or 
dark brown. Transverse striations are 
present on some grains. 

Staurolite—All of the staurolite is 
straw-yellow, with marked pleochroism, 
low birefringence, etched surface struc- 
ture, and conchoidal fracture. 

Sillimanite—Most grains are clean 
and colorless. Longitudinal striation and 
fibrous structure are common. The stri- 
ations appear slightly oblique to each 
other. A few grains show longitudinal 
“splitting” structure. The striations are 
better seen under reflected light. 

Garnet.—Colorless, pink, and green 
varieties are common. No effort has been 
made to differentiate spinel from garnet. 
Few spinels were found and identified by 
immersion method. 

Andalusite—Only a few grains are 
present. They resemble barite under the 
polarizing microscope, but barite has a 
very hackly or rugged and dirty appear- 
ance. The optical angle of barite is 
smaller than that of andalusite. 

Epidote—Angular to subrounded va- 
rieties are present. The color is pale 
greenish yellow to lemon yellow. Pleo- 
chroism is faint but distinct. 

Hornblende.—A few grains were found. 
All of the hornblende grains are of com- 
mon varieties with moderate pleochroism. 

Biotite—Only a small amount which 
survived the acid treatment was present. 
Halos are found in most of the biotite 
flakes. 

Chlorite—A few angular grains were 
found. It is an alteration product in the 
sediments and may not be considered as 
a detrital heavy mineral in the Jack- 
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TABLE 1.—Data of heavy-mineral percentages 


Heavy Minerals 


Samples Nos. 


Non-opaque 
Tourmaline 
Titanite 
Staurolite 
Sillimanite 
Garnet (spinel) 
Andalusite 
Epidote 
Hornblende 
Biotite 
Chlorite 
Barite 
Brookite 


Anatase 


Texas Brazos Co. 


50 61 39 38 ‘11 9 13°26 8 «1 — — 
54 7 24 42 47200123 343-—-— — 
56 76 24 41292838 2339 — 
58 75 25 38 3 2 7 — — 


Madison Co. 


64 57 43 30 22 16 5 10 6 2 6—- — — 
65 73 27 317 10 21 10 9 2 7—- 1—- 2—- — — 
67 68 32 4i 16 100 9— 1 
69 57 43 22 32 11 61110 1— 1—— 1— 3 1 1 
70 47 53 63 1 221 10 1— — 
71 58 42 32 14 12 6 18 11 6 —- —- — — 


Louisiana 
(Danville)! 


(Verda) 
F-185 33 67 59 6 4 
41 
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| 
| 
| 
| 
| 
| 
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a 
z 
a 
once 
nN 
| 
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| 
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(Union Church) 


(Tullos) 


Mississippi 
(Jackson) 


R16 | 49 51° |'90 22 11 1 11 22 


E. Miss. & 
W. Alabama 
(Pachuta) 


| 


(Gosport)? 
93 39 61 
12 


| 


aw 
on 
oe | 


(North Creek) 
88 56 44 46 14 5 
48 


an 
ac 
wom 


(Lisbon)? 


94 36 «29 


1 Names in parentheses are stratigraphic units. , 
2? Samples of Gosport sand and Claiborne Lisbon are included here for comparison. 
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° 
47 60 40 64 4 6 712 8 —- — — 
46 62 38 43 4 12 13 8 13 2— 4%1—- —- — — — — 
45 42 58 4 
39 60 40 30 18 13 6 149 4—- 3 2—-1—--—- — — 
37 56 Ad 25 17 17 4 8 18 4— 4— 2 — i- > = 
78 54 46 28 25 10 — 15 11 6 3 
84 46 54 63 tf — 3 2 
81 40 60 19 246 11 — 15 13 8 
73 33 67 7 5 
(Cocoa) 
102 35 65 144 33 10 2 12 13 8 
(Moodys) 
97 28 72 63 $ 11320 4S5—— 
: 98 36 64 8 45 10 3 720 6 1 
| | 


sonian sediments. It resembles glauco- 
nite, but the latter has microcrystalline 
texture. 

Brookite——Cnly two grains were defi- 
nitely identified in nearly two hundred 
slides. 

Anatase——This mineral is very rare in 
the Jacksonian sediments. 

Barite—Most are authigenic. Few 
rounded grains are believed to be clastic. 


REGIONAL DISTRIBUTION 


The variations in regional distribution 
of the heavy-mineral assemblages are 
basic factors for the division of sedi- 
mentary petrological provinces. Doeglas 
(1939-1940) presented this problem after 
his thorough study on the East Java 
tertiary sediments. Near the source, pure 
heavy-mineral assemblages occur but 
farther inside the basin of deposition, 
“‘mixed assemblages” from different prov- 
inces prevail. Interfingering distribution 
of heavy-mineral assemblages between 
adjacent provinces is common. The sedi- 
mentary petrological province has been 
defined as a natural unit of sediments 
having certain origin, age, and regional 
distribution. 

The regional distribution of heavy min- 
erals in the Jacksonian sediments is 
shown in table 1. This table consists of 
the data of heavy-mineral assemblage of 
the samples from various localities and 
different stratigraphic units. It shows 
that the titanite content averages about 
20 per cent in East Texas samples. The 
titanite percentage decreases to about 8 
per cent in Louisiana samples. Samples 
from Mississippi and western Alabama 
show less than 5 per cent. The supply of 
clastic material to the western part of the 
Jacksonian sea was richer in titanite than 
the eastern part. The North Creek sam- 
ples from eastern Mississippi and western 
Alabama have little more titanite than 
other samples from the same localities. 

Staurolite and kyanite are generally 
more abundant in samples from Missis- 
sippiand Alabama than those from Texas 
or Louisiana. It is found that there is 
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only a small amount of magnetite in the 
samples from Mississippi and western 
Alabama, whereas about one fourth of 
the total opaque grains in samples from 
Texas are magnetite. Epidote is rare in 
Texas samples and more abundant in 
samples from Mississippi and western 
Alabama. Barite is present only in Texas 
samples. It is an authigenic mineral in 
these sediments, formed under post- 
depositional environment. It occurs in 
sediments just like gypsum which is 
abundant in many localities of the Jack- 
sonian sediments. Only a few grains of 
barite are believed to be clastic, based on 
the roundness of these grains. 

According to the relative abundance of 
several heavy minerals, the Jacksonian 
sediments can be divided into two petro- 
logical provinces: the province of Missis- 
sippi and western Alabama to the east is 
characterized by the abundance of ky- 
anite, staurolite, and epidote; the prov- 
ince of East Texas to the west is 
characterized by the abundance of zircon, 
titanite, and magnetite. Magnetite is 
present in only small amounts in the 
eastern province, whereas ilmenite is 
abundant. A mixed assemblage of heavy 
minerals is expected in the Jacksonian 
sediments of Louisiana, but it is not 
clearly established by the available data. 


STRATIGRAPHIC DISTRIBUTION 


Because of the possible change of 
source of supply of the sediments through 
«ifferent geologic time, vertical heavy 
mineral zones can be recognized in a sedi- 
mentary petrological province. These 
zones may be parallel to the stratigraphic 
units, or they may transect the strati- 
graphic units. 

The distribution of heavy minerals in 
the Jacksonian sediments is presented in 
figure 1. This figure shows that the verti- 
cal distribution of heavy-minerals is 
rather constant through the entire sec- 
tion in East Texas, Louisiana, Mississippi 
and western Alabama. It should be noted 
that the Texas samples represent only a 
small segment of the total Jacksonian 
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sediments, whereas the samples from 
Louisiana, Mississippi and western Ala- 
bama represent a fairly complete section 
in their respective areas. This study indi- 
cates that the distribution of heavy min- 
erals is not so conspicuously different in 
different stratigraphic units. 


GRANULAR VARIATION 


There are differences in the heavy-min- 
eral assemblages that are related to the 
size frequency distribution of the sedi- 
ments. For instance, in fine-grained sedi- 
ments, zircon is usually abundant. This 
may be due to the fact that the original 
size of the zircon grains is usually small, 
and the small zircon can be transported 
easily along with fine-grained clastic ma- 
terials. This is granular variation. 

The zircon proportion of the heavy 
fraction reflects the difference in size fre- 
quency distribution of the Jacksonian 
sediments from East Texas samples to 
those of western Alabama. The average 
zircon percentage of East Texas samples 
is about 30 as shown in figure 1. In 
Louisiana samples, the average zircon 
percentage is much higher. The decrease 
in grain size from the Texas samples to 
Louisiana samples is reflected by the in- 
creased percentage of zircon. The average 
median of East Texas samples is about 
.09 mm, and the average median of 
Louisiana samples is about .02 mm. The 
Cocoa, Moodys, and Gosport samples of 
Mississippi and western Alabama all 
show low content of zircon (about 20 per- 
cent). The average median of Cocoa 
samples and Moodys samples are .20 mm 
and .16 mm respectively. The average 
zircon content of North Creek samples is 
about 45 per cent, whereas the average 
median of the same samples is about .04 
mm. The Pachuta samples, although con- 
taining only about 20 per cent clastic 
materials, have about 20 per cent zircon. 
The average median of the Pachuta 
samples is about .16 mm. 
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APPLICATION 


Table 1 shows the percentage of all 
non-soluble heavy minerals in samples 
from different units of the Jacksonian 
sediments. Samples of Shubuta member 
are not included because the heavy min- 
eral content of these samples is too small 
for comparison. Generally speaking, sam- 
ples from the several stratigraphic units 
are quite similar, although there are 
slight differences between members. For 
instance, the data of the Gosport and 
Moodys Branch samples contain much 
staurotile, but little epidote, whereas the 
data of Cocoa samples show a small 
amount of staurolite and higher percent- 
age of garnet. It seems rather difficult to 
differentiate the Jacksonian sediments in- 
to units on the basis of such slight differ- 
ences in the heavy-mineral assemblages. 

Epidote averages about 1 per cent in 
the Jacksonian sediments of East Texas. 
It increases to as high as 6 per cent in 
Mississippi and western Alabama. Cogen 
(1940) suggested that the upper bound- 
ary of the ‘‘lower epidote zone”’ which he 
had defined can be used as the boundary 
between Yegua and Jacksonian stage of 
East Texas. Because of the presence of 
epidote in the Jacksonian sediments of 
East Texas, the upper boundary of this 
‘lower epidote zone’’ seems as if it can 
be raised much higher stratigraphically. 
This “lower epidote zone”’ has not been 
well defined in Louisiana, Mississippi, 
and western Alabama. Because of the 
presence of epidote in these areas, it 
seems rather appropriate to extend this 
“lower epidote zone’ eastward. 
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A MODIFIED KULLENBERG PISTON 


G. R. EMERY anp D. E. BROUSSARD 
Houston, Texas 


ABSTRACT 


The experience of Shell Exploration and Production Research Laboratory with a modified 
Kullenberg piston corer indicates that in the sediments recovered by piston corers considerable 
contamination can result from flushing action caused by movement of the piston during 
recovery and from sloshing of watery sediments in bringing the core aboard horizontally. Modi- 
fications by this laboratory in the design of the instrument and in its method of operation have 
largely eliminated these two causes of contamination; other modifications have been made in 


the instrument which somewhat increase its ease of operation. 


INTRODUCTION 


The adaptation of a modified Kullen- 
berg piston corer to shallow-water sam- 
pling was recently described by Silver- 
man and Whaley (1952). Experience at 
the Shell Exploration and Production 
Research Laboratory with this instru- 
ment? confirms its excellence for shallow- 
water sampling. However, some modifi- 
cations in design and operation have been 
made which decrease core contamination 
and permit greater ease of operation. 
Since the article cited above contains an 
excellent analysis of possible stresses. 
describes the general action of piston 
corers, and gives an account of core re- 
coveries which can be anticipated, only 
pertinent modifications in design and 
operation will be described here. Our ex- 
perience indicates that core contamina- 
tion results principally from two causes: 
(1) flushing action caused by movement 
of the piston during recovery, and (2) 
sloshing and mixing of watery sediments 
as the cores are brought aboard hori- 
zontally. In the first case contamination 
can be practically eliminated by a change 
of design, and in the second case by a 
change in operating methods. 


1 Publication No. 34, Exploration and Pro- 
duction Research Division, Shell Develop- 
ment Co., Houston, Texas. 

2 Plans and specifications of the Kullenberg 
instrument were kindly supplied by Dr. Maur- 
ice Powers of The Johns Hopkins University. 


IMMOBILIZING THE PISTON 


The problem essentially consists of 
maintaining the piston cable taut during 
penetration and slack during recovery. 
While this might be accomplished by 
lowering a slack safety cable on which the 
instrument could be_ recovered, this 
would require the use of two long cables 
and would probably result frequently in 
fouling of the equipment. The system 
outlined here contains three essentials: 
(1) a winch cable separated from the pis- 
ton cable, (2) a cable clamp in the release 
mechanism which could be loosened from 
the winch cable at depth, and (3) a piston 
which resists movement in either direc- 
tion in the core liner. 

The action of the two cables at various 
stages of the coring operation can best be 
understood by a study of figure 1 in 
which this action is diagrammatically 
shown. It should be noted that by using a 
piston cable of slightly smaller diameter 
than the winch cable and by allowing 
more slack in the winch cable than is re- 
quired for full penetration the risk of 
losing the instrument through cable fail- 
ure is appreciably decreased. Critical 
stresses which may arise from premature 
tripping or from toppling of the instru- 
ment will almost certainly result in fail- 
ure of the piston cable rather than the 
winch cable. As a further safety factor a 
compression-type spring shock absorber 
has been added to the A-frame block to 
reduce the impact loads on the cables. 
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retcase mechanism 


length of stack in piston cable= amount of free fall 


Yength of stack 


factor of several | winch capie~ 
feet is attaches | 

to handle 
of weight 
assembly 


free fall = 
sorrow 
| 
| 
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STAGE 2 STAGE 4 | STAGE S$ STAGE 6 


ASSEMBLY BEING LOWERED. RELEASE MECHANISM JAWS HOLD WEIGHT AND BARREL ASSEMBLY. PILOT 
WEIGHT IS LEADING BARREL BY PREDETERMINED AMOUNT OF FREE FALL. PISTON AND WINCH CABLES 
ARE COILED AND SLACK BELOW RELEASE MECHANISM. WINCH CABLE 1S CLAMPED BY SLIDING JAW IN 
RELEASE MECHANISM, AND 1S TAUT ABOVE RELEASE MECHANISM. 
PILOT WEIGHT TOUCHES BOTTOM, TRIPPING RELEASE MECHANISM AND ALLOWING WEIGHT AND BARREL 
ASSEMBLY TO FALL FREE. WINCH 1S LOCKED AS RELEASE MECHANISM IS TRIPPED. 
BARREL JUST TOUCHES BOTTOM. PISTON IS IMMOBILIZED BY PISTON CABLE AND TAUT WINCH CABLE 
ABOVE RELEASE MECHANISM 
PISTON REMAINS IMMOBILIZED AS BARREL PENETRATES BOTTOM. PISTON CABLE 1S TAUT. BELOW 
RELEASE MECHANISM WINCH CABLE IS STILL SLIGHTLY SLACK. 
MESSENGER HAS BEEN DROPPED FREEING RELEASE MECHANISM, WHICH SLIDES DOWN WINCH CABLE 
TAMING OUT SLACK. THIS ADDS SLACK TO PISTON CABLE. MESSENGER 1!S DROPPED IMMEDIATELY WHFN 
BARREL PENETRATION CEASES, TO PREVENT DRIFT OF SHIP FROM PULLING UP ON PISTON. 

STAGE 6 WEIGHT AND BARREL ASSEMBLY ARE RETRIEVED BY TAUT WINCH CABLE. PISTON CABLE REMAINS SLACK. 


Fic. 1.—Schematic diagram showing operation of two-cable piston coring device. 


The use of separate winch and piston 
cables complicates the more simplified 
one-cable system of Silverman and 
Whaley (1952) since a change in free fall 
must be accompanied by a change of the 
piston cable; thus a separate piston 
cable is required for each increment of 
free fall desired. 


The release mechanism (fig. 2) is 
clamped onto the winch cable by a tap- 
pered jaw which wedges the cable against 
a fixed jaw in the release mechanism. 
Both ends of this sliding jaw protrude 
from the release mechanism and a blow 
on the appropriate end either tightens or 
loosens the clamp on the cable. The clamp 
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TAPERED CABLE GRIP MOVABLE 
CLOSURE 


“FIXED CLOSURE 
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CONNECTED 
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TAPERED CABLE GRIP 


MOVABLE CLOSURE 
SIDE PLATE 


MEMBER 


FIXED CLOSURE 
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Fic. 3.—Modified Kullenberg piston corer. 


is set on the cable with a hammer and 
loosened at depth with a messenger 
weight. So far we have had no case in 
which the clamp loosened its hold on the 
cable voluntarily and only rarely has the 
messenger failed to loosen the clamp at 
the first blow. 

In the piston (see figure 3) a friction 
rather than a flared cup type of seal is 
employed. This seal is obtained by ex- 
panding a rubber cylinder between two 
beveled steel plates against the wall of 


the plastic core liner. Since this piston is - 


equally hard to move in either direction 
in the core liner its retaining action on 
the core is preserved even though re- 
covery is made with a slack piston 
cable. 

This system of immobilizing the piston 
during recovery does not of course elimi- 
nate contamination which results from 
drawing water through the core where 
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penetration of the core and barrel as a 
plug continues after the core has stopped 
advancing into the tube. A decrease in 
the amount of penetration through an 
adjustment of the amount of free fall or 
weight should eliminate this cause of 
contamination. Our only cases of exces- 
sive penetration of this nature have oc- 
curred where the core barrel encountered 
well-compacted clays and invariably re- 
sulted in collapse of the upper part of the 
plastic liner without any apparent en- 
trance of water presumably because of 
the impervious nature of the clay plug-in 
the end of the tube. 


VERTICAL EXTRACTION AND STORAGE 
OF CORES 


When considerable water is obtained 
on the top of the core or when the sedi- 
ments themselves are soft and watery, as 
is frequently the case, sloshing action as 
the core is brought aboard horizontally 
results in considerable mixing of sedi- 
ments up and down the core. In our 
earlier cores, which were retrieved hori- 
zontally, extreme cases of this action re- 
sulted in well-defined vertical bedding 
extending almost the length of the core. 
For most analytical purposes such cores 
are worthless. By means of a retractable 
platform on the stern of the boat, all 
cores taken now by the Exploratory and 
Production Research Laboratory are ex- 
tracted (in core liners), brought aboard, 
and stored in a vertical position. Twelve- 
foot cores have been brought on board 
in this position (fig. 4) and 20-foot cores 
could probably be handled similarly 
without undue difficulty. 


METHOD OF USE 


For the benefit of those who might be 
interested in duplicating it, a description 
of our coring operation, principally inso- 
far as it differs from other previously de- 
scribed, follows: With the rear platform 
retracted the fully assembled coring ap- 
paratus is lowered. The messenger is 
dropped immediately when penetration 
ceases and the instrument is recovered 
and hung on the A-frame by chains 
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which hook into ears on the weight as- 
sembly. The platform is then dropped, an 
open slot in the platform edge falling 
around the core barrel, and the barrel is 
uncoubled from the weight assembly and 
lowered through the slot to the platform 
floor. To facilitate uncoupling, a fast 
thread is used in the barrel coupling. A 
coupling is incorporated near the mid- 
point of the piston cable to allow the 
plastic core liner and the piston assembly 
to be extracted from the barrel and car- 
ried aboard vertically. To prevent loss of 
the core the lower end of the plastic liner 
is stoppered before the piston is removed. 
The core is then stored vertically in a 
series of superposed wire frameworks 
which extend above deck and down into 
the ship’s hold and brace the cores ap- 
proximately every three feet, against 
buckling. With the platform lowered the 
coring apparatus is reassembled in pre- 
paration for the next coring operation. 
To assemble the instrument the piston 
with the lower end of the piston cable 
attached is dropped through the core 
liner and tightened in place several inches 
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back from the end of the liner. The liner 
is then run into the barrel which still 
rests on the floor of the platform. The two 
parts of the piston cable are joined and 
the barrel is then lifted and recoupled to 
the weight assembly. A length of winch 
cable equal to the amount of free fall, 
plus length of barrel, plus a safety factor 
of several feet is drawn out between the 
release mechanism and the weight as- 
sembly. The release mechanism is 
clamped in place on the winch cable by a 
blow on the lower end of the sliding jaw 
and is attached to the weight assembly 
bail and locked with a safety pin. It is 
necessary to coil and lightly tape the 
slack in the winch cable to prevent foul- 
ing of the cables. Pie-shaped pieces cut 
from the lead weights and held in place 
by bolts permit addition or subtraction of 
weights during assembly operations on 
the back platform. Final operations con- 
sist of attaching the pilot weight and 
line to the release mechanism arm, re- 
tracting the platform, taking the weight 
of the instrument on the winch and re- 
leasing it from the A-frame, pulling the 
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safety pin, and lowering. Figures 5 and 6 
show two views of the coring device being 
lowered into the water. 
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CONCLUSIONS 


Experience at this laboratory with the 
modified Kullenberg piston corer con- 
firms the adaptability of the instrument 
to shallow water sampling as described by 
Silverman and Whaley (1952). Modifica- 
tions in design and operation have elimi- 
nated several principal causes of core 
contamination. 
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THE PETROLOGY OF THE VINCENTOWN FORMATION 
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ABSTRACT 


The Eocene Vincentown formation, located in the Coastal Plain of New Jersey, is a quart- 
zose, bryozoa and foraminifera rich limesand. The thickness of the formation is variable, rang- 
ing from a minimum of 18 feet to a known maximum of 460 feet. The Vincentown formation is 
the transgressive phase of a marine cycle involving the underlying Hornerstown formation as 
the initial regressive phase and the overlying Manasquan formation as the final regressive 
phase. A sub-tropical climate prevailed in the area during the deposition of the Vincentown. 
The source rocks of the Vincentown formation were crystalline metamorphics, reworked Coastal 


Plain formations, and Paleozoic rocks. 


INTRODUCTION 


This paper deals with the Eocene Vin- 
centown formation, an unconsolidated, 
quartzose, foraminifera and bryozoa rich 
limesand located in the Coastal Plain of 
New Jersey. 

The investigation was undertaken to 
describe further the stratigraphy of the 
Vincentown formation, as outlined by 
previous workers, and to analyze the 


sediments in an attempt to understand 
the conditions of sedimentation which 
prevailed during the deposition of the 
Vincentown formation. 


PREVIOUS WORK 


Many workers have investigated the 
New Jersey Coastal Plain deposits. 
Rogers (1836) first differentiated the 
Coastal Plain formations into lithologic 
units. He assigned a bluish or lead colored 
sand and some calcareous marl to the 
Tertiary. Knapp (1907) placed the cal- 
careous marls and associated yellow 
sandstones in the Vincentown formation. 
Bickam (1950) came to the conclusion 
that the Hornerstown formation, which 
directly underlies the Vincentown forma- 
tion, is lower Wilcox in age, and that the 
Vincentown formation is upper Wilcox. 
Spangler and Peterson (1950) placed the 
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Hornerstown completely within the Mid- 
way and the Vincentown at the base of 
the Wilcox. 


STRATIGRAPHY 


The regional strike of the Vincentown 
formation is N. 55° E. and the dip is ap- 
proximately 43 feet per mile to the 
southeast. The formation crops out along 
the line 6—-1—2-3 as shown in the inset of 
figure 1. 

The thickness of the Vincentown for- 
mation is variable, increasing downdip 
from the outcrop. In a well at Atlantic 
City, according to Richards (1945), it 
reaches its maximum known thickness of 
460 feet, the top of the formation being 
placed at 1,435 feet and the bottom at 
1,895 feet below sea level. In a well at 
Asbury Park the Vincentown formation 
was found from 111 to 262 feet below sea 
level giving it a thickness of 151 feet. At 
Vincentown, New Jersey, the locality of 
the type section, 18 feet of the formation 
is exposed. However, this is a ‘‘floating’’ 
section, with neither the top nor the bot- 
tom of the formation exposed. At New 
Egypt 9 feet of the Vincentown formation 
is exposed directly overlying the Horners- 
town formation. 

The Vincentown formation is con- 
formably overlain by the glauconitic 
Manasquan formation and is gradational 
downward into the highly glauconitic 
Hornerstown formation. The gradational 
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6-Woodstown 


5-Atlantic City 


Limestone 


Limesand 
Glauconite 
Silty, foram. sand 


Atlantic Ocean 


ISOMETRIC FACIES DIAGRAM 
of the 
VINCENTOWN FORM. 

The vertical scale is distorted 
to better portray the thinner 
sections. The inset map of 

N.u. shows the section lines. 


Fic. 1.—Isometric facies diagram of the Vincentown formation. The inset shows the location 
of the section lines in the Coastal Plain of New Jersey. 


zone between the Vincentown and Hor- 
nerstown formations is characterized 
lithologically by an upward lessening of 
glauconite accompanied by an increase in 
calcareous constituents. The upper con- 
tact of the Vincentown is characterized 
by a sharp increase in glauconite with a 
concomitant decrease in calcareous ma- 
terial. 

The lithology of the Vincentown for- 
mation, as shown in figure 1, is variable. 
The type section at Vincentown is made 
up of alternating layers of bryozoa and 
foraminifera rich limestone, and quartz- 
ose, foraminiferal sand. The acid soluble 
portion of samples from this section 
ranged from 36 per cent to 94 per cent de- 
pending upon the amount of fossil ma- 
terial present. Southwest along the out- 
crop, towards Woodstown, the carbonate 
content decreases, quartz sand becoming 
locally dominant. Northeast along the 
outcrop the carbonate content generally 
decreases with only local concentrations 
of bryozoa and foraminifera rich beds 
occurring. Downdip from the outcrop 
the Vincentown formation loses its highly 


calcareous nature and becomes, as shown 
in the Atlantic City and Asbury Park 
well sections, a glauconitic, foraminiferal, 
quartzose, silty sand. 


PETROGRAPHY 
Limestone Facies 

The basal Vincentown formation at 
New Egypt contains two indurated lime- 
stone ledges, one at four feet and one at 
seven feet above the contact with the 
underlying Hornerstown formation. 

The lower ledge at New Egypt is a 
well indurated, yellow-gray, glauconitic, 
quartzose, foraminiferal _lime-sand. 
Seventy-eight per cent of this lime-sand 
was soluble in acid. 

The clastic components, as shown by 
analysis of the residue, are texturally 
similar to the unconsolidated sands above 
and below the ledge. The carbonate 
matrix is, in general, fine grained but in 
places has recrystallized to form large 
interlocking grains. The quartz, feld- 
spar, and glauconite grains float in this 
matrix and for the most part are sepa- 
rated from one another. Evhedral crys- 
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tals of pyrite are completely enclosed 
within glauconite grains. The chambers 
of the foraminifera present in the thin 
section display geode-like fillings of cal- 
cite. 

Many of the quartz grains appear to 
have been affected by the encroachment 
of secondary calcite. Around the edges of 
the quartz grains the carbonate matrix 
forms a sawtooth edge which interlocks 
with the pitted surface of the quartz 
grains. Graf and Lamar (1950) reported 
a similar replacement of quartz by calcite 
in their work on the Fredonia oolite. No 
secondary enlargement of the quartz 
crystals was observed. Much of the 
quartz in the thin sections displayed un- 
dulatory extinction and rutilation indica- 
tive of derivation from metamorphic 
rocks. 

The upper ledge at New Egypt is 
similar to the lower ledge. Seventy-nine 
per cent of the material in this ledge was 
acid soluble. 


Acid Soluble Material 


In contrast to the high acid-soluble 
content of the ledges, a sample directly 
below the lower ledge had 28 per cent 
and a sample directly above the lower 
ledge had 32 per cent acid soluble ma- 
terial. A sample directly below the upper 
ledge contained 37 per cent acid soluble 
material. 

In view of the fact that the clastic 
portions of the ledges are similar in 
texture to the clastics of the surrounding 
unconsolidated sands, it may be assumed 
that the ledges represent periods during 
which carbonate deposition dominated 
over the deposition of non-carbonate 
clastic material. 


Statistics of Grain Size Distribution 


Seventeen outcrop samples of the 
Vincentown formation were sieved 
through a set of U. S. Standard Sieves. 

The coefficient of sorting? of sixteen 
samples ranged from 1.3 to 1.6. One 


? Coefficient of sorting, as used here, equals 


/Q;/Q: of the sample which did not pass 
through a no. 200 U.S. Standard Sieve. 
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sample, from the bryozoan rich section 
at Vincentown, had a coefficient of sort- 
ing of 2.8. This unusually high coefficient 
was due to numerous large bryozoan 
fragments. 

To eliminate the effect of fossils on the 
size distribution parameters, the coeffi- 
cient of sorting was also calculated for 
the non-fossil portions of the samples. 
These calculated coefficients ranged from 
1.2 to 1.5. The bryozoan rich sample had 
a calculated coefficient of sorting of 1.2. 

From the above data it may be inferred 
that, in the main, the shoreward foramin- 
iferal fauna of the Vincentown formation 
represents a death assemblage which un- 
derwent sorting along with the terrestri- 
ally derived clastics. 


Quartz and Feldspar Content 


An examination of the residue of a 
sample of the upper ledge at New Egypt 
was made with the following results: 


Glauconite, mica, and heavy 


minerals % 
Quartz 712% 
Sodic and potash feldspar 10% 
Calcic feldspar 3% 


Sodic and potash feldspars dominate 
over the calcic types. This condition 
may be taken as an indication of the 
acidic nature of the crystalline source 
rocks of the Vincentown formation. 

The freshness of the feldspars in the 
residue indicates that the source rocks 
were not highly weathered. In view of 
the fact that a subtropical climate pre- 
vailed in the area during the deposition 
of the Vincentown formation, as dis- 
cussed in a subsequent section, this 
freshness may indicate rapid erosion of 
the source area. 

Much of the quartz and feldspar of 
the residue was well rounded and highly 
frosted. 


HEAVY MINERAL CONTENT AND 
SOURCE ROCKS OF THE VINCEN- 
TOWN FORMATION 


The heavy mineral suite of the Vincen- 
town formation provides a basis for 
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postulating the source rock types. 

The following table incorporates the 
mineral suites set forth by Pettijohn 
(1949) as characteristic of source rock 
types as well as the heavy minerals 
present in the Vincentown formation 
which are in italics. The minus .104 to 
plus .074 mm. fractions of ten samples 
were analysed for heavy minerals. 

The percentages listed in the table be- 
low represent the average percentage 
for the ten samples of the italicized 
mineral present in the heavy mineral 
fraction. 


Reworked Sediments 


Barite Leucoxene, 1% 

Glauconite, 1% Rutile, 1.4% 

Quartz (esp. with worn Tourmaline (round- 
overgrowths) ed 

Chert Zircon (rounded) 

Quartzite fragments 


Low Rank Metamorphic 


Slate and Phyllite frag- Quartz and quartzite 
ments fragments 
Biotite and Muscovite, Tourmaline, 2.6%, 
less than 1% (small pale brown 
euhedra_ carbona- 
ceous inclusions) 
Chlorite (if clastic), 1% 
Feldspar, generally ab- Leucoxene, 1% 
sent 


High Rank Metamorphic 


Garnet, 6% Staurolite, 3% 

Hornblende (blue-green Quartz (metamor- 
variety), 10% phic variety) 

Kyanite, 2.7% 

Sillimanite, 2% Feldspar (acid plagi- 
oclase) 

Epidote, 12% 


Andalusite, 2% 
Zoisite, 1% 


Magnetite, 9% 
Muscovite and biotite, 
less than 1% 


Acid Igneous 


Apatite Sphene, 1.3% 
Biotite Zircon (euhedra), 
Horneblende, 2.5% Quartz, igneous vari- 
ety 
Monazite Microcline 


Muscovite, less than Magnetite, 9% 
1% 


Tourmaline, small 
pink euhedra 
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Basic Igneous 


Anatase Leucoxene, 1% 
Augite, trace Olivine 
Brookite Rutile, 1.4% 


Hypersthene, trace Plagioclase, interme- 


diate 
Ilmenite and magnetite, Serpentine 


0 
Chromite 


Other heavy minerals present in the 
Vincentown formation, but not included 
in the Pettijohn classification, are pyrite, 
collophane, and limonite. These minerals 
make up 9 per cent, less than 1 per cent, 
and 6 per cent respectively of the heavy 
mineral fraction. Pyrite is present as 
euhedral crystals in only the basal por- 
tion of the Vincentown at outcrops but 
pervades the entire formation downdip. 

Minerals which are included in more 
than one category in the above classifica- 
tion have had their percentages equally 
distributed among the several categories. 

It is seen that the High Rank Meta- 
morphic category includes approximately 
49 per cent of the heavy mineral content, 
by grain count, of the Vincentown for- 
mation. 

Light (1950), following a study of the 
greensands of New Jersey, reached the 
conclusions that the glauconite in the 
Tertiary formations of New Jersey is 
detrital, that this detrital material 
reaches its highest development in the 
Hornerstown formation, and that authi- 
genic glauconite predominates in the up- 
per Cretaceous clays. 

Dryden (1940) came to the conclusion 
that the source of the sediments of New 
Jersey Coastal Plain was chiefly crystal- 
line rocks. 

The results obtained by the writer 
are essentially in agreement with Dry- 
den’s conclusion. However, the writer 
believes that the frosted and rounded 
quartz and feldspar grains and detrital 
glauconite present in the Vincentown 
formation indicate that Paleozoic rocks 
and pre-existing Coastal Plain formations 
contributed some sediments. 
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THE MARINE CYCLE AND SEDI- 
MENTATION 


The Vincentown is one of three ftor- 
mations which represent a complete 
marine cycle; the Hornerstown repre- 
senting the initial phase, the Vincentown 
the transgressive phase, and the Mana- 
squan the regressive phase. The downdip 
lithologic merging of these formations is 
to be expected on shelf type deposits 
where the effects of tectonism on sedi- 
mentation are strongest in the littoral 
zone and least felt in the abyssal zone. 

The Hornerstown formation represents 
an accumulation of detrital glauconite 
derived from the authigenic glauconite 
in underlying Cretaceous beds. This 
accumulation is probably the result of 
the exposure and concomitant erosion 
of the glauconite rich Cretaceous beds 
during the deposition of the Hornerstown 
formation. 

A relatively sudden shift from detrital 
glauconite to quartz and carbonate de- 
position characterizes the contact be- 
tween the Vincentown and the Horners- 
town formations. This shift indicates a 
lessening of detrital glauconite available 
for Vincentown sedimentation, probably 
as a result of the transgression of the 
sea which covered the glauconite beds 
of the Hornerstown formation permitting 
quartz sand to become dominant in the 
clastic, terrestrially derived portion of 
the Vincentown sediments. 

The calcareous ledges in the Vincen- 
town formation represent periods of sedi- 
mentation in which the deposition of 
carbonates exceeded the terrestrial con- 
tributions to such an extent the arenace- 
ous limestones were formed upon lithifi- 
cation. 

The final regressive phase of the marine 
cycle is represented by the Manasquan 
formation which is made up of highly 
glauconitic quartz sand containing only 
scattered fossil fragments. Thus, in the 
Manasquan formation, detrital glauco- 
nite makes a reappearance. 

Bornhauser (1947) states, concerning 
marine cycles in the Gulf Coast region, 
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‘Wilcox time in the Gulf Coast region is 
characterized by a slow retreat of the sea 
with minor incursions of the ocean.” 

Davies (1934), in a study of the world 
Tertiary, states, ‘‘Toward the end of 
Paleocene time and during early lower 
Eocene time a temporary recession of 
the sea affected large areas of the world.” 

The Hornerstown-Vincentown-Mana- 
squan marine cycle could be correlated 
with the marine regressions described 
above by postulating that the Vincen- 
town was merely a minor incursion of the 
sea during a long range recession cover- 
ing Wilcox time. This would fit in well 
with Bornhauser’s conclusions if the 
assumption is made that the Horners- 
town formation extends into Wilcox 
time. As previously shown there is a 
strong possibility that this is so. Thus 
the regression during early lower Eo- 
cene described by Davies would correl- 
ate with the deposition of the Horners- 
town formation. 


MARINE ENVIRONMENT DURING THE DEP- 
OSITION OF THE VINCENTOWN 
FORMATION 


The great abundance of organic detri- 
tus and thinly bedded limestones present 
in the Vincentown formation gives a 
picture of prolific marine life existing 
during its deposition. 

Quantitative studies on Cenozoic cli- 
mates of the Pacific coast were carried 
out by Durham (1950) utilizing present 
day diagnostic marine faunas to estab- 
lish temperature zones which could be 
extrapolated back since these same 
diagnostic faunal elements are present 
in Cenozoic marine formations. Durham 
came to the following conclusion: 


During the Paleocene the 20°C. marine 
isotherm was north of 49° north latitude. By 
middle Oligocene time it had shifted south- 
ward of that position . . . during the Pliocene 
it approached its present position ...in the 
Pleistocene it oscillated north and south. 


At the present time the surface marine 
isotherms on the Pacific coast reach 
lower latitudes than do the correspond- 
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ing isotherms on the Atlantic Coast. 
This is due to the California current 
along the Pacific coast which tends to 
drive the isotherms south. The Gulf 
Stream along the Atlantic coast tends 
to force the isotherms to the north. 
Sverdrup, et al. (1942) placed the 20° C. 
surface isotherm on the Pacific coast dur- 
ing August at about 28° N. latitude and 
the 20° C. surface isotherm on the At- 
lantic coast at 40° N. latitude. Assuming 
that the generai circulation patterns of 
the oceans are the same today as in 
Cenozoic time then the extrapolation to 
the Atlantic coast from Durham’s data 
would indicate that the marine tempera- 
tures prevailing in the New Jersey area 
during the deposition of the Vincentown 
were considerably warmer than those 
obtaining today. 

Chaney (1940) postulated, according 
to paleobotanical evidence, a subtropical 
climate which prevailed over the New 
Jersey area during the lower Tertiary 
period. Brooks (1949) agrees with Chaney 
on similar evidence. 


CONCLUSIONS 


The Vincentown formation represents 
the transgressive phase of a marine cycle 
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involving the Hornerstown formation 
and the Manasquan formation as the 
preceding and following regressive phases 
respectively. These formations were laid 
down on a slightly unstable shelf area 
in subtropical seas. The highly calcare- 
ous limesand facies of the Vincentown 
formation is typical of the height of the 
transgressive phase. In a seaward direc- 
tion the Vincentown formation merges 
lithologically with the formations above 
and below it. 

The source of the Vincentown sedi- 
ments were crystalline metamorphic 
rocks, exposed Coastal Plain formations, 
and Paleozoic rocks. 
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A TECHNIQUE FOR SEPARATING CLAY MINERALS 
FROM LIMESTONES 


R. MICHAEL LLOYD 
University of Illinois, Urbana, Illinois! 


The identification and quantitative 
determination of the clay mineral con- 
stituents of rocks or sediment samples is 
often hampered by the presence of cal- 
cium carbonate. This is especially true of 
limestones and lime muds which contain 
relatively small amounts of clay minerals. 

Acid digestion of the samples, while ef- 
fective in removing the carbonate ma- 
terials, will very likely alter the original 
clay mineral composition of the sample 
by differential solution of the clay min- 
erals. In the case of some clay minerals, 
such as some montmorillonites, which are 
particularly sensitive to solution by acid 
a sufficient amount of the mineral may be 
destroyed so as to prevent its detection. 

An ion exchange technique was found 
to be very effective in overcoming these 
difficulties. 

A three foot column of two inch diame- 
ter glass tubing was fitted at the bottom 
with a 100 mesh screen and an adapter 
which permitted the attachment of a 
vacuum flask. The tube was filled with a 
commercial cation exchange resin 
(IR-120, Rohm and Haas Co.) which had 
first been washed on a 500 micron screen 
to remove the smaller resin beads. Hydro- 


! Present address: c/o Shell Development 
Co., Houston, Texas. 


gen ions were put in exchange positions 
on the resin by allowing a N/10 solution 
of HCl to perculate slowly down the col- 
umn. Chloride and excess hydrogen ions 
were removed by passing distilled water 
through the column until washings gave 
no chloride reaction with silver nitrate. 

A thin slurry of the pulverized sample 
under study was then introduced at the 
top of the column and clay mineral resi- 
due collected in a vacuum flask at the 
bottom. Usually the residue was run 
through a second time to ensure removal 
of all the carbonate. Any clay mineral 
particles adhering to the resin were re- 
moved by washing through the column 
with distilled water. 

Although no systematic check was 
made of the method, one limestone sam- 
ple yielded three times as much clay 
mineral when passed through the column 
as when it was carefully digested in N/10 
HCl. 

The advantage of this technique ap- 
parently lies in the fact that there are no 
free hydrogen ions available to penetrate 
and destroy clay mineral structures. On 
the other hand the affinity of carbonate 
ions for hydrogen ions is sufficient to pull 
hydrogen ions off the resin to form car- 
bonic acid which decomposes into carbon 
dioxide and water. 
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GRAPHITE IN THE CRETACEOUS OF SOUTHERN ILLINOIS! 


RAYMOND S. SHRODE 
Illinois State Geological Survey, Urbana, Illinois 


Graphite has not been previously re- 
ported in the Cretaceous sands and silts 
of extreme southern Illinois nor has 
mention been made of its presence in the 
Cretaceous sediments of adjacent states. 

The Cretaceous sediments in extreme 
southern Illinois include sands, silts, and 
clays, quartzose materials predominat- 
ing. Muscovite is the chief accessory 
mineral. Graphite was found in ten out- 
crops well distributed laterally through- 
out the area of Cretaceous deposition. 
Eighty-two per cent of the outcrops and 
76 per cent of the beds sampled contained 
graphite in amounts ranging from less 
than 1 per cent to over 2 per cent by 


1 Published by permission of the Chief, IIli- 
nois State Geological Survey. 


Fic. 1.—Graphite flakes showing representative shapes; from 48 by 100 mesh sand 
fraction. X 100. 


number of grains. The mineral is not be- 
lieved to be restricted to any specific bed 
or beds. 

The graphite has been identified by 
usual mineralogical procedures and by 
X-ray diffraction examination.” It occurs 
as free grains (fig. 1), is included in mus- 
covite grains (fig. 2), and is included in 
quartz grains (fig. 2). As free grains it is 
by far the most common, in muscovite it 
is rare, and in quartz it is very rare. The 
thickness of 11 free grains, selected to 
give maximum and minimum values, 
ranges from .03 mm to .16 mm and 
averages .099 mm. The free graphite 
grains have been observed in all size 


2 Bradley, W. F., personal communication, 
53. 
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Fic. 2.—Graphite included in muscovite, left, and in quartz, right. The hexagonal habit of 
the graphite is well shown in the inclusions in muscovite. From 65 by 100 mesh sand fraction. 


grades between 48 mesh and 325 mesh 
(.295 mm and .044 mm), but most com- 
monly are between 48 and 150 mesh (.295 
mm and .104 mm.). No examination was 
made of particles finer than 325 mesh. In 


sands which are predominantly coarser 
than 100 mesh (.147 mm), the graphite is 
very rare or absent. Its order of abun- 
dance parallels that of the muscovite. 
Graphite occurs most frequently in 
metamorphic rocks, as do sillimanite and 
kyanite, which are also found in the Cre- 


taceous sands and silts of southern IIli- 
nois. This suggests that metamorphic 
rocks were probably the original source of 
the graphite and of the quartz and mica 
grains containing graphite. It is not 
known whether these materials were con- 
tributed directly to the Cretaceous sea or 
reached it as the result of erosion of pre- 
Cretaceous sediments. However, it ap- 
pears unlikely that the graphite flakes 
would ordinarily endure many cycles of 
erosion because of their fragility. 
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Theoretical Petrology, A textbook on the 
origin and the evolution of rocks, by 
Tom F. W. Barth, 1st ed., 1952. Pp. 
387; tables 75; figs. 146; 6X9 ins., 
cloth. John Wiley & Sons, Inc., New 
York. Price, $6.50. 


Theoretical Petrology is divided into 
four parts: Part 1, Physics and Chemis- 
try of the Earth; Part 2, Formation of 
Sedimentary Rocks; Part 3, Igneous 
Rocks; and Part 4, Metamorphic Rocks. 

The book is an up-to-date treatment 
that reflects the author’s wide experience 
in field and experimental petrology and 
mineralogy, and also presents the recent 
work of others. The text includes the 
views of a number of European petrolo- 
gists on metasomatism, grantization, and 
certain aspects of metamorphism which 
are often ignored or slighted in American 
texts. At the same time the many signifi- 
cant American and Canadian ideas, and 
the European contributions that have 
been accepted in this country for some 
time, are given due consideration. The 
strong influence of the old German and 
English schools of petology on American 
texts is missing; this is a welcome change. 

Theoretical Petrology will be most use- 
ful to students with some knowledge of 
the subject. Much of the material is 
stimulating, thought-provoking, and con- 
troversial. It will probably not do as a 
text for those who like their petrology 
in highly organized, all-inclusive, and 
conventional doses. Some relatively sim- 
ple subjects are carefully explained 
whereas certain of the more complex 
thermodynamic concepts are briefly in- 
troduced and thereafter not used. In 
places the author presents ideas or inter- 
pretations offhandedly and is not very 
critical or analytical. The significance of 
many subjects is not discussed or evalu- 
ated and the student with little back- 
ground will at times be confused. Much 
of this reflects the controversial but 
healthy state of development of many 
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petrologic concepts. To one brought up 
in the Rosenbusch-Harker-Vogt tradi- 
tion the book may seem “unfamiliar” 
and unbalanced. In short, the volume 
presents Barth’s outlook on petrology 
and is therefore worth careful considera- 
tion. 

The section on sedimentary rocks is 
too brief and consists of one chapter of 
24 pages that deals with some of the 
fundamental petrologic and geochemical 
principles. Apparently this chapter was 
intended to be an introduction and as 
such it is an admirable one. The author 
refers his readers to other books for a 
more complete treatment of the subject. 

This reviewer considers Theoretical 
Petrology to be an excellent presentation 
of modern ideas in the fields of igneous 
and metamorphic petrology. 

A. F. HAGNER 
University of Illinois 


Pétrographie des Roches Sédimentaires by 
Albert Carozzi, 1st ed., 1953. Pp. 250; 
figs. 27; 6X9 ins., paper. F. Rouge 
and Cie S.A., Librairie de L’Uni- 
versité, Lausanne, Switzerland. 


In the introduction of this book, the 
author definitely limits his subject to the 
study of consolidated sediments. The 
central prupose is to give precise 
petrographic description of the principal 
sedimentary rocks. One difficulty often 
awaits such attempts: that of selecting 
the rock types to be described. In this 
book the author has chosen to describe 
the most common and the most signifi- 
cant of the principal rock types. The 
criteria for analysis and classification are 
based on microscopic and macroscopic 
examination. Problems of genesis are 
considered in the most important cases, 
but the author avoids digressing into 
mechanical, chemical, and _ biological 
sedimentation, topics which diverge from 
his central purpose. 

The principal kinds of sedimentary 
rocks are divided into two groups: the 
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detrital rocks—conglomerates, breccias, 
sandstones, and shales; and the biochemi- 
cal rocks—carbonaceous, siliceous, fer- 
ruginous, phosphatic, saline, and carbon- 
bearing rocks. The author emphasizes the 
value of such a classification without 
disguising the fact that arbitrary de- 
cisions are necessary in cases which 
overlap both categories. This is illustrated 
by the case of shales where the biochemi- 
cal influence on the sedimentary environ- 
ment may alter the more or less marked 
detrital character of these sediments. 
For the systematic study of the several 
groups of sedimentary rocks, this book 
has the advantage of assembling precise 
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definitions of the principal rock types, 
their descriptions, and some recent refer- 
ences. This book will be valuable not only 
to advanced students, but also to re- 
search workers who do not constantly 
work in this field and who will find 
briefly explained a petrography which is 
becoming more and more complex. 
Finally, there are very few geologic 
texts in French, in contrast to the quality 
of the research work published in this 
language by Belgian, Canadian, Swiss, 
and French geologists. Therein lies the 
value of Mr. Carozzi’s contribution. 
GEorRGES MILLOT 
Université de Nancy 
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heve come from the develop- 
ment of new uses for oil and 
its by-products. In the daily job 
of finding additional oil resources, 
the Schlumberger Electrical Log 
. .. the pioneer well logging serv- 
ice . . . has long been recognized 
as the most important single sub- 
surface exploration method available 
to the industry. 


eee and Schlumberger 


means Service 


Schlumberger Well Surveying Corp. © Houston, Texas 
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